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This study aims at evaluating the effectiveness of the land 
rehabilitation projects undertaken at two production brigades 
(Shenchong and Lichong) in Deqing - a relatively remote, undulating 
and poor county in the Guangdong Province of south China. The hills 
in Deqing have been extensively deforested since historical times 
leading to a wide range of land degradation problems. Po,or 
households have been caught in a poverty trap that induces them to 
overexploit existing resources. “ 
Among the range of erosion processes observed, gully erosion 
is dominant. Coarse sediments derived from gullies accumulate as 
alluvial fans at foot hills. The resultant landscape favours the 
formation of iron-enriched subsurface water which together with 
nutrient loss significantly reduce land productivity. Soils in the 
study area are highly acidic, deficient in the major nutrients and 
poorly structured. 
A cost-benefit analysis was undertaken to evaluate the 
effectiveness of a number of commonly used slope and gully erosion 
control measures. It was observed that those control measures which 
bring the highest net benefits also require higher costs. On 
slopes, the greatest reduction in soil erosion comes from replacing 
cropped slopes by sustained harvesting of fern. Since approximately 
79% of basin erosion is derived from gullies, it makes economic and . 
iii 
ecological sense to give priority to gully erosion control. 
Building check dams in gullies requires a modest private or social 
cost yet it will drastically reduce erosion. 
Shenchong was one of the first areas in China which tried out 
the "integrated catchment management“ concept in the rehabilitation 
of severely eroded regions. A similar program was undertaken as a 
community project in the nearby Lichong Basin under the 
"responsibility system". Both projects attempted to check erosion 
on the hillslopes and reclaim and redevelop the alluvial 
bottomlands. A number of engineering and biological measures had 
been undertaken in both projects. The engineering measures, such 
the large and small check dams, are only stop-gap measures which 
buy time for the slow ecological succession. Newly rehabilitated 
systems are both unstable and fragile, requiring huge amount of 
labour input and nutrient subsidy. 
Both projects appear to be ecologically sound and the major 
difference is in the economic viability. An economic analysis 
indicates that the the bottom-up village-run Lichong project was 
much more profitable than the top-down state-owned Shenchong 
project. The study has also brought out some outstanding problems 
including the uneven distribution of cost and benefit over time and 
among uplands and lowlands; the high risks and uncertainty 
ingrained in the rehabilitated agroecosystem; and the need, in the 
wake of the recent rural economic reform, to sustain human 
motivation. Resolution of these problems requires some adjustment 
to the institutional arrangement. 
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This thesis is an attempt to evaluate the land rehabilitation 
program undertaken in a severely eroded granitic area in Deqing 
County, South China. 
Soil erosion is a serious environmental problem in China 
afflicting vast stretches of land all over the country. It can be 
categorized into three types: glacial erosion, wind erosion and 
water erosion. Glacial erosion mainly occurs in mountainous areas 
such as the Tibetan Plateau. Wind erosion occurs in desert or semi-
arid areas largely in northwest China. Finally, water erosion 
usually occurs in areas with abundant rainfall (Xin and Chiang, 
1984). The Loess plateau and the granitic area in South China are 
two major erosion regions. Located in Northern China, the Loess 
Plateau covers an area of 580,000 km^, out of which 110,000 km^ is 
seriously eroded (Luk & Yao 1987). It has been estimated that 200-
30,000 tons of soil are removed from each km of land per year (Liu 
1985), corresponding to a surface scouring depth of 0.01-2.0 
cm/yr. In terms of the nutrient loss, the current erosion rate is 
equivalent to the loss of 30 million tons of chemical 
fertilizers per year (Luk & Yao 1987) • At the same time, the 
deposition rate at the lower reaches of Yellow River in is in the 
range of 8 to 10 cm per year. 
In the Southern granitic areas, the hot and humid climate can 
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sustain an extensive and luxuriant vegetation cover which if not 
disturbed can provide a good protection to the top soil. However, 
due to its abundant rainfall (1,000-2,000 mm/yr)； high intensity 
(maximum daily rainfall and one hour maximum rainfall excess 150 mm 
and 30 mm respectively)； and large surface runoff (annual runoff 
depth over 500 mm and rainfall: runoff ratio from 40 to 70 %), 
the erosivity of the rain and surface runoff is extremely high (Xin 
& Chiang, 1984). In addition, the hot and humid climate favours 
the process of weathering. Where the granite is deeply weathered, 
it can easily been broken down. If the vegetation cover is 
destroyed, soil erosion will follow causing very serious 
environmental problems. Erosion rates of of 0.3 to 0.5 cm/yr have 
been observed in various parts of Southern China and rates as high 
as 1.1 cm/yr were obtained in the badlands of Hong Kong (Lam, 1978). 
The adverse consequences of soil erosion are most notable in 
the remote and hilly regions of the Guangdong Province where the 
erosion is compounded by the problem of rural poverty. Of the 110 
counties in the Guangdong Province, 36 have areas affected by soil 
erosion exceeding 100 km . The erosion problems are most severe in 
the counties of Wuhua, Loding and Deqing 一 all relatively remote 
counties in the province where over 50% of the area is affected (Luk 
Sc Yao 1987). 
The need to tackle the erosion problems was recognized by the 
Chinese government in the early fifties. The National Soil and Water 
Conservancy Law was promulgated in 1958 to underscore the need for 
erosion control. Since then, tremendous effort has been put into the 
soil conservation work. It has been estimated that as a result of 
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this program, one-fourth of the sloping farmlands of the country 
have been terraced, and one-fifth of the soil loss areas have been 
subjected to some treatment and management programs (Xin & 
Chiang, 1984). However, the earlier soil conservation program 
had been too reliant on afforestation and revegetation of the 
hillslopes with little regard to the broader issues of ecosystem 
rehabilitation and rural development. 
Whilst afforestation is a good soil conservation measure, 
afforestation alone does not address the underlying factors causing 
erosion. In spite of the large amount of money, labour and resources 
devoted to the soil conservation programs in China in the last three 
i 
decades, soil erosion is still a problem afflicting many parts of 
the country. Smil (1983) has critically assessed the situation and 
concluded that 'most of the claimed afforestation reflects only 
abstract targets‘ and 'many places which report to higher 
authorities every year the area and the number of trees planted 
and having done this, considered that their task was completed. 
Few people care about the management aspects of the projects. 
He attributed the apparent failure of the afforestation program to 
careless planting; the lack of inadequate follow-up care; and the 
absence of a scientific approach to afforestation. 
In addition to the factors mentioned by Smil (1983) above, one 
may add two other significant ones that may negate the effects of 
afforestation programs undertaken in the sixties and seventies, 
namely the frequent reversal of government policies and the lack of 
a holistic view to land management and rural development. 
The frequent reversal of government policies has significantly 
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undermined the success of China's afforestation program which has 
suffered from three major setbacks in the last four decades. The 
first was the Great Leap Forward period (1958-1960) when forest was 
cleared all over the country to provide charcoal for iron-making. 
-1-
The second was the Cultural Revolution period (1966-1976) when vast 
stretches of forests were destroyed for short term gain. It was 
also during this period that the Maoist agricultural policy of 
'taking grain as the key link' was over-emphasized and pursued at 
all costs. Conversion of forests for grain fields destroyed at least 
6.7 million ha of agricultural lands during this period (Policy 
Research Office of the Ministry of Forestry, 1981). The latest 
setback occurred in 1979 when central control over local authorities 
was suddenly relaxed to provide the necessary economic initiatives 
for rural economic reform. The sudden relaxation of central control 
and the fear that this policy might soon be reversed prompted many 
illegal logging activities. 
The lack of a holistic view to land management in the sixties 
and seventies precipitated many problems. Failing to integrate 
afforestation with local rural development programs, the planting of 
trees on the hillsides was divorced from the development of the 
valleys and lowland as if the two were not related. Erosion was 
regarded as merely a physical problem that could be fixed by 
engineering and biological measures. Very little thought had been 
given to identifying and implementing a sustainable soil 
conservation program. 
Soil conservation was conceived as a means of curbing erosion 
� 
rather than as part of a program to alleviate poverty and assist 
rural development. Unless the afforestation program is perceived by 
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the local people as an activity which affects their economic well-
being, it is difficult to keep any afforestation or soil 
conservation program sustaining. Since the rise of Deng Xiaoping in 
the-^ late seventies, it has become more and more difficult to 
mobilize people for large scale soil and water conservancy projects. 
During the Mao era (1949-1976), nature was viewed as mankind's enemy 
(Salter, 1974) which should be transformed to realize the truly 
human life (Stokes, 1976) . Large projects were carried out by the 
mobilization of human labour through political exhortation and 
coercion (Kapp, 1984). However, since the rural economic reform 
in 1979, the commune system broke down and the conservation 
» 
projects could no longer count on the support of the people by mass 
mobilization. Nowadays, only economic incentive can motivate 
the public to participate in such work. 
The Chinese Government was not unaware of the inherent problems 
of her earlier afforestation programs. Soil c o n s e r v a t i o n and 
afforestation has now become part of the regional development 
planning exercise. Under the impetus of the rural economic reform, 
some q g ^ institutional initiatives have been made for conservancy 
P^^je^ts—tobe undertaken. For instance, some eroded areas in North 
China have been contracted to individual households which are 
entitled to economic returns provided that the soil conservation 
works are properly undertaken. 
Under these new initiatives, soil c o n s e r v a t i o n and land 
management in China entered a new phase in the eighties with a 
greater emphasis on comprehensive regional development and a greater 
reliance on economic incentives. Whether or not the current approach 
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is an improvement over the past ones, and the extent to which 
current measures are adequate in alleviating problems arisen from 
erosion are the major issues to be addressed in this thesis. 
to. 
1.2 OBJECTIVES 
This is an evaluation of the effectiveness of the soil 
conservation program undertaken in the Deqing County, one of the 
three intensively eroded counties in the Guangdong Province. The 
thesis does not attempt to test any hypothesis, but rather it 
examines the effectiveness of the land rehabilitation programs 
carried out by two production brigades in Deqing. 
» 
The following questions are posed: What are the driving forces 
of land degradation? What are the major problems? What measures have 
been undertaken to reverse the situation? Are these m e a s u r e s 
adequate and cost-effective? Does the existing i n s t i t u t i o n a l 
framework provide sufficient incentive to motivate the people and 
facilitate implementation of the land rehabilitation programs? The 
perspective here is both ecological and economical, i.e. whether or 
not such measures can restore the ecosystem, enhance agricultural 
productivity and are economically viable and sustainable. Through 
this analysis, it is hoped that the major ingredients of an 
effective land rehabilitation program can be identified. 
The present study is part of a much larger 'Land Erosion and 
Management Project (LEAM)‘ sponsored by the International 
Development Research Centre (IDRC). It is a collaborative research 
involving the Universities of Toronto and McMaster in Canada, the 
Chinese University of Hong Kong and the Institute of Geography of 
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Academia Sinica of China. The project was officially started in 
January, 1987 and was completed in June, 1990. 
The primary objectives of the LEAM project were to assess the 
rate of soil erosion, evaluate the effectiveness of soil erosion 
control measures and to recommend__strate.gie_s which would minimize 
land productivity in the granitic areas of Guangdong Province. There 
were four sub-projects: (a) to assess the extent and severity of the 
existing erosion problem and to evaluated the major factors which 
influence soil erosion in the study region; (b) to determine the 
mechanisms which cause the erosion by monitoring soil erosion 
processes at the watershed scale; (c) to assess the effectiveness of 
a range of practical erosion control measures； and (d) to evaluate 
the biophysical and socio-economic impact of erosion and the 
efficacy of the land rehabilitation program in the study region. The 
present thesis deals mainly with the third and fourth tasks 
coordinated by Dr. K.C. Lam and J.B. Whitney of Hong Kong and 
Toronto respectively. 
Some preliminary results of the LEAM project have been 
summarised in the four annual research reports submitted to IDRC 
(Luk 5 Yao, 1987, 88, 89, 90) and a workshop monograph published in 
Chinese by the Institute of Geography (Yao, 1990). 
1.3 UNIQUENESS AND SIGNIFICANCE OF THE STUDY 
In the last 30 years, a tremendous effort has been put into the 
control of soil erosion in Deqing County. Here, many erosion control 
measures have been used, including various biological methods, such 
as planting of trees, shrubs, and grasses, and engineering methods, 
-7 
such as check dams, diversion channels, and narrow bench terracing. 
Field observations showed some obvious cases of success in 
controlling erosion, but there are also measures being established 
which will, in fact, increase erosion. 
On the whole, four fundamental weaknesses of the recent erosion 
control programs can be recognized. First, the erosion problem is 
envisaged largely as a ‘soil loss‘ problem rather than a land 
degradation problem. Second, erosion control programs in upland and 
._V reclamation activities in lowland areas have not been fully 
ir^t^grated. Third, much of the work undertaken by conscientious 
local farmers and extension services is limited to the selection 
and provision of seedlings. Not much attention has been given to 
programs that are self-sustaining. Fourth, the cost-effectiveness of 
the control measures and land rehabilitation programs has not been 
assessed in the proper economic context. These issues will be dealt 
with in the present thesis. 
The present study is thus unique in two major ways. First, it 
is one of the few studies in China which attempt to integrate upland 
erosion control with rehabilitative redevelopment in the lowlands. 
The significance of an integrated approach is gaining increasing 
recognition. Second, it attempts to introduce an economic 
perspective to the problems at hand. In a x e — v丄 e w — o f — t l i a — l § n d� 
Ji9j�a—(19S1+ observed that 'we know a lot about 
micro-level rates of erosion, but very little about the economic 
effects'. The policy implications of economic analysis are obvious, 
七he physical data on land degradation are of little use to decision-
makers unless they are translated into monetary units. 
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The significance of this study lies in its practical relevance 
and policy implications. As afore-said, China has been afflicted 
with serious erosion and land degradation problems for centuries. In 
spite of the large amount of financial and labour resources 
committed to soil conservation, land 头这吞兰丄©^ ! —gtili—remain a key 
problem in many remote hilly regions• Unless the effectiveness of 
the current erosion control and land rehabilitation programs are 
critically evaluated and are modified pending results of this and 
other similar studies, erosion and land degradation problems may 
still persist. 
1.4 SOME KEY CONCEPTS 
As mentioned in the previous section, the soil erosion problem 
is envisaged in this thesis as a problem more than just soil loss. 
It is viewed as a l a ^ - a loss land 
producU;^^!!^;^ j @ m � p f 2 ( g : e s s � ^ such as 
soil loss, depletion of nutrients, deterioration of soil structure, 
一 一 二 一 - - = ^ 、 一 一 - — .， . . . . . .-... 一 
siltation and sedimentation, flooding, water logging and iron 
toxicity. Given this much broader perspective, it can easily be 
visualized that land degradation requires more than just tree 
planting. A wide range of measures, biological, engineering and 
institutional, are needed to restore the ecosystem and sustain 
agricultural productivity. 
The lands currently degraded by erosion can be classified as 
'derelict' - lands so damaged that it is incapable of having 
beneficial use without some form of human intervention and 
management (Lugo, 1988)• Most techniques for land rehabilitation 
have been developed for temperate zones (Brinck et al. , 1988), but 
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the basic ecological principles are the same because the limiting 
factor is predominantly poor soil conditions. 
Rehabilitation involves a mix of restoration and replacement 
strategies. Restoration refers to any attempt to bring the ecosystem 
back to the original state. Since plant succession is exceedingly 
slow in the tropics, restoration may not be the best strategy to 
support human use. Alternatively, a replacement strategy may be 
adopted whereby the undesirable features of the derelict landscape 
can be replaced by the desirable ones through a wide range of 
engineering and biological measures. Hence, land rehabilitation does 
not necessarily signify a return to the original ecosystem (ie. 
restoration) but rather a manipulation of the energy and water 
^ —-：. - • • - - - . - . -.. 
fluxes as well as the vegetation, soils, animals and microbes so 
that 坐 丄 芬 j Q 益 l , , c a a be一con^^fe日d jQtJpeneficial uses to meet 
h u m ^ needs (Brinck et al., 1988). 
C l e a r l y , t h e r e are d i f f e r e n t s t r a t e g i e s for d i f f e r e n t 
management goals (Christiansson, 1988). Pragmatism is necessary if 
the most limiting factors, cost and time, in any rehabilitation 
s t r a t e g y , are to be a d d r e s s e d r e a l i s t i c a l l y . H e n c e , t h e m o s t 
appropriate strategy in an improverished remote rural area is one 
which can generate economic return in the short term and can be 
sustained in the medium and longer term. This is where an economic 
analysis of the rehabilitation program comes in to facilitate policy 
making. 
R e h a b i l i t a t i o n m e a s u r e s are e m b e d d e d in a s o c i e t a l d r e s s 
covering administrative, institutional and economic aspects. Such 
measures should never only he eco-engineering activities. A number 
-10 
of institutional issues have been examined in the recent literature, 
and it has been suggested community forestry (Arnold, 1987； Sanwal, 
1988) is most appropriate for addressing the problems in resource-
poor nations . 
1.5 ORGANIZATION OF THE THESIS 
With the objectives stated above. Chapter 2 of this thesis 
discusses the physical and social environment of Deqing with 
particular reference to Shenchong and Lichong, the two production 
brigades subjected to an in-depth analysis. Chapter 3 begins with a 
discussion of the framework for evaluating the effectiveness of the 
land rehabilitation programs and elaborate on the methods and 
procedures in obtaining and analysing the data. Chapter 4 is an 
assessment of the processes of land degradation, an account of the 
problems arisen from degradation and a description of the attempts 
undertaken to combat such problems. 
Chapter 5 is a cost-benefit analysis of various soil erosion 
control measures on hillsides. Chapter 6 takes the cost-benefit 
analysis one step further by integrating the erosion control 
measures on the hillside with the rehabilitation measures on the 
alluvial bottom land. It also assesses the cost-effectiveness and 
sustainability of the rehabilitation programs at Shenchong and 
Lichong. Chapter 7 summarises the major findings of the study and 
highlights areas which merit further research. 
-11 
CHAPTER TWO 
THE STUDY AREA 
2.1 SELECTION OF THE STUDY AREA 
As mentioned in Chapter 1, Deqing county was been chosen as 
the study area of the LEAM project supported by IDRC, and within 
the county, the Shengchong and Lichong basins were selected for 
an in-depth study in this thesis. 
There are four reasons why Deqing County (Fig. 2.1) was 
selected. First of all, Deqing is a typical example of the 
severely eroded granitic area in South China. Secondly, because of 
the severity of the problem, the Provincial g o v e r n m e n t has 
committed a lot of resources to erosion control in the county even 
as early as the fifties. Thirdly, the government of Deqing 
county was enthusiastic in hosting the LEAM project and was 
willing to provide the background information, particularly the 
socio-economic data required for the cost-benefit analysis. 
Whilst the LEAM project covers the whole Deqing County, the 
present study focuses only on two production brigades (Shenchong 
and Lichong, Fig. 2.1) where land rehabilitation work have been 
undertaken. As will be elaborated in the chapters to follow, both 
basins are severely eroded and are virtually derelict with very 
little agricultural activities. 
Once a prosperous settlement, Shenchong was almost a derelict 
place in the fifties. The original Shenchong village was abandoned 
























































































































The place was redeveloped in the late sixties and seventies as part 
of the 'May 7th Cadet School' (Salter, 1974) and 'xiaxiang' 
programs. Both programs were instituted in China during the 
Cultural Revolution whereby urban dwellers, government cadets and 
intellectuals were required to go down to the country side to 
engage in agricultural work and participate in soil conservation 
projects (Murphey 1967). Some of the participants of these two 
movements were urged to stay and a Forestry I n s t i t u t e was 
established by the county government as a gesture of support for 
the program. The Institute is thus both a research station as well 
as an administrative unit, embracing both the I n s t i t u t e and 
Dafangdong Village (Fig. 2.2). 
The Lichong Basin is only a few k i l o m e t e r s away from 
Shenchong. It has been a derelict area until very recently. The 
Lichong Village located at the upstream end of the Lichong stream 
(Fig. 2.3) had also very few people in the fifties. Under the 
impetus of rural economic reform, people of the two nearby 
production brigades, Shenggan Village and Xiecun Village, were 
asked by the county government to rehabilitate the Lichong on 
contractual terms. 
Located directly downstream of Lichong, the settlements of 
Shenggan Village and Xiecun Village had long been threatened by the 
flood water and sediments discharged from Lichong. The people of 
these two brigades were all too pleased to take up the task hoping 
that the project would bring some economic benefits. 
There is thus a fundamental difference between Shenchong and 
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Fig 2.3 Landuse of Lichong 
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community project made possible by the rural economic reform. These 
two brigades were chosen to enable the institutional issues in land 
rehabilitation to be explored, 
2.2 THE PHYSICAL AND SOCIO-ECONOMIC ENVIRONMENT OF THE DEQING 
COUNTY 
2.2.1 Location 
Deqing county (Long. 111.30'19" to 112.15'43" east, Lat. 
23.43'15" to 23.31'13" north) is located at the western extremity 
of the Guangdong Province in China (Fig. 2.1). It is situated in 
the middle reaches of the Xijiang (West River) 240 km northwest of 
Guangzhou (Fig. 2.1) . With a total area of 2256 km^' Deqing is an 
undulating region with the majority of hills rising to an elevation 
of 100 to 200 metres in height (Xu & Shen, 1983; Shen, 1988a). 
2.2.2 Climate 
Since the Tropic of Cancer passes close to Deqing, the amount 
of solar radiation is high with a total of 4395 MW/m^. The high 
insolation brings about warm weather conditions with an annual mean 
air temperature of 21.5°C and an average maximum of 37.5°C. The 
summers are long and the winters short. 
Located 200 km from the coast, Deqing is under the 
influence of maritime conditions. The rainfall is unevenly 
distributed with most of the rain fell between A p r i l to 
September. Of the total rainfall of 1492 mm, 70% is brought by 
typhoons. Rainfall intensity is high, the average intensity is 
12.9 mm per day whereas the mean maximum daily rainfall is 59.8 mm. 
Torrential rain occurs about once every month in the rainy season 
-17 
in average. One heavy torrential rain may occur every two years. 
2.2.3 Geology and Landform 
Deqing is mainly underlain by granite, sandstone, schist, 
and little amounts of limestone and alluvium. A densely jointed 
biotite granite makes up 67.3% of the area of the county. The 
close jointing enhances mechanical and chemical weathering, giving 
a weathering mantle which is as deep as 100 m in some localities. 
Deqing County is characterized by a hilly topography which 
is often differentiated according to rock type. The more elevated 
areas are usually underlain by sandstone, shale, and limestone 
that have a thin weathering mantle of only 3-5 m. Such areas are 
covered by a relatively luxuriant vegetation cover which are 
subjected to a low degree of erosion. In contrast, the low hills 
are associated with granitic rocks which are deeply weathered and 
severely eroded. 
2.2.4 Vegetation 
As Deqing is located at the sub-tropical region, the vegetation 
cover of this region should be sub-tropical monsoon broad-leaves 
evergreen forest. Due to deforestation, the vegetation now found 
in Deqing is the result of a series of reverse successions. The 
climax vegetation was replaced by secondary growth which was 
subsequently replaced by the existing range of species. Nowadays, 
primary forest in Deqing can only be found in the remote hilly area. 
The main vegetation of the primary forest are Pinus massonlana, 
Cinnamomum parthenoxylon, Machilus velutina, Schlma superba and 
-18 
Camellia sinensis etc. In the secondary forest, the main species 
are Plnus massonianaf Dlcranopteris linearis, Rhodomyrtus tomentosa, 
Cratoxylon llgustrlnum, Hellcteres angustlfolla, Gahnla trlstis and 
Erlachne pallescens etc. 
In comparison with the primary and secondary forest, the 
present plant communities are afar inferior in providing canopy 
cover and protection against rainfall erosion. Most of the present 
tree species have limited canopy and interception, capacity. 
The pine trees {Plnus massoniana) are native to the area and 
are well adapted to the environment and it yields resin (Photo 2.1) 
as well as timber. Since it does not improve the soil properties, 
some broadleaf species such as Schima superba, Castanea castanopsls 
__— .. 
and Cihnamonumjcassla (known locally as 'yu qui^ have been planted 
in afforestation programs. The wood of these two species can also 
be used for furniture and as a building material. The bracken fern, 
Dlcranopteris linearis, widely found in the area is collected by 
the local people as domestic fuel. The burnt residue (ash) is used 
as a soil additive. 
2.2.5 Population and Economic Activities 
A d m i n i s t r a t i v e l y , D e q i n g county is part of t h e Z h a o q i n g 
region. In the county itself, there are 15 townships ('xiancT), 
5 state tea plantations, and 173 villages ('cim' or better known 
as 'brigades') . Out of a total population of 310,000, 90% are 
engaged in agricultural activities (Shen, 1988a; Guangdong Place 
Name Committee & Guangdong Map Publisher, 1987). In comparison 
with other parts of the Guandong Province, the Deqing county is 
-19 
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relatively sparsely populated, and both the per capita area and 
arable land are lower in Deqing than in the rest of the Province 
(Table 2 . 1 ) . 
According to the official statistics of 1982, the agricultural 
sector contributes to 62% of the gross domestic product (158,110 
thousands Yuan, Chinese currency) with industries making up the 
remainder. Compared to the rest of the province, agricultural 
productivity is very low. Average food grain production is only 
(Table 2.2) 4447.5 kg/ha whereas the per capita production is 448 
kg. The annual average income of the agricultural household is 
349 Yuan as compared to the national average of 421 (Xu & Shen, 
1983). Not only is the agricultural sector a major contributor to 
the income for the county, it also provides the raw material for 
the wood processing industry - the only major industry in the 
county. 
In the last few years, some of the hillslopes have been 
cleared for the cultivation of Morinda officinalis known locally as 
is a root crop grown on steep slope (Photo 2.3) . since 
fe^ is a medicinal herb which fetches a high price in the market, 
cultivation of this plant is becoming more and more widespread. 
History of Soil Erosion and Conservation 
As afore-mentioned, the lithology, the deep weathering mantle 
and the climatic conditions are all conducive to intense erosion 
where the vegetation cover is destroyed. S ^ ^ s i o n has been 
recorded in the local archives as early as the 15th Century. Local 
records purported that a large scale deforestation took place 




















































































































































































































































































































































































































































































































































population density was higher then than now, the hills surrounding 
the settlements could no longer supply wood as the domestic fuel. 
The people had to turn to shrubs and fern to augment the energy 
supply thus further aggravating the erosion problem. Aerial photo 
-‘， , �
195> indicated that about 16.8% of the area and 49% of the 
villages (cun) in the county was severely eroded. 
Under Chairman Mao's exhortation to transform the nature, 
Deqing was identified as one of the regions in China that should be 
revegetated. Most of the soil conservation works took place in 
three phases. 
The first of these took place at the Jinji (Golden Cock) 
Mountain near the township Maxu in the early 1950's. The virtually 
barren and totally denuded hill was revegetation and set up as a 
model for the county. 
The second phase lasted from 1956 to 1966 when the county 
government mobilized thousands of the populace to carry out large 
scale soil conservation projects using e n g i n e e r i n g m e t h o d s 
supplemented by biological measures. Thousands of check dams, 
benches and diversion channels were constructed and innumerable 
number of trees planted. 
The third phase began in the early 1980's when the notion of 
small watershed integrated management was advocated. The first 
experimental site established at Zongdong (Fig. 2.1) was widely 
acclaimed. This period coincided with the p r o m u l g a t i o n and 
enforcement of the Forestry Law and vast stretches of denuded hills 
were declared closed. The project at Zhongdong was followed by 
-23 
those at Shenchong and Lichong. 
It has been claimed that in the 3 decades since the mid-
fifties, a total of 286 large and 9362 small check dams were 
constructed across streams and outlets of gullies respectively. A 
total of 225 gullies were treated by benching and some 214 km of 
hillslopes were planted with trees. 81% (280.71 Km^) of the 
erosion affected area in the county have b e e n put u n d e r a 
comprehensive rehabilitation and management program. The Deqing 
government (Xu & Shen, 1983) claimed that such an intensive erosion 
control program had brought significant results. A comparison of 
the aerial photos taken in andCl9^^indicated that the area of 
erosion was reduced by 46% whilst the forest cover increased from 
16% to 54%. Erosion control on the h i l l s i d e s f a c i l i t a t e d 
agricultural development in the lowlands. During the aforesaid 
period, 13.3 km of derelict alluvial land had been reclaimed and 
the productivity of another 46.7 km^ of arable land significantly 
improved hence boosting the county average crop yield from 2475 
kg/ha to 8895 kg/ha. 
The Forestry Law has also been invariably enforced. Most of 
the denuded hills close to roadways have been declared 'closed' 
both to animal and human being. No logging and fern harvesting is 
allowed. The more distant hills have been designated -semi-closed-
which permit the controlled collection of fallen twigs and fern for 
fuel. The penalty for non-compliance is heavy and is posted at the 
entrance to every village (Photo 2.2). 
-24 
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Photo 2.3 Clearance of Land for the preparation of Baji 
Cultivation 
� 
Photo 2.4 Fish Pond in Shenchong Basin 
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2.3 THE SHENCHONG BASIN 
Shenchong is located near to the Maxu Township (Fig. 2.1). The 
2 
Shenchong basin is 4.3 km in area and its stream is a tributary of 
the"^ Maxu River. The basin is an undulating one with the highest 
point at about 200 m and the lowest at 20m (Fig. 2.2). The 
topography tilts from north to south, and the hillslope angle 
ranges between 15° to 30^. 
Soil and water conservation projects had been undertaken in 
Shenchong well before the communist took power in China. Local 
villagers of Dafangdong Village recalled that a large check dam was , 
built across the water course upstream of the village to protect 
their farmlands from floods and sediments. In the late 60's, 
Shenchong was chosen as the site of a 'May 7th Cadet School ‘ and 
one of the sites for the 'xiaxiang, program. 1979 m a r k e d a 
significant turning point of Shenchong as the former May 7th Cadet 
School was turned into a Forestry Institute under supervision of 
the provincial forestry commission. In 1983, Shenchong was chosen 
one of sites of integrated watershed management where erosion 
control and land rehabilitation measured were evaluated. 
Table 2.2 shows the land use and socio-economic statistics of 
the Shenchong Basin. Shenchong has two major human settlements, 
namely the Forestry Institute (80 people) and the Dafangdong 
Village (220 people). Although known as an institute, Shenchong is 
run virtually like a village, the director likened to the 
'secretary' appointed by the Communist Party. 
The staff members, totally 32, live with their families in the 





































































































































































































































































































































































































Commission and each family is given a small parcel of land for 
vegetable cultivation for their own consumption. Any surplus can be 
sold in the market. According to the Institute director, this is 
one of the economic incentives to keep the staff. The work of the 
institute covers the area within the boundary of the Shenchong 
basin although most of the work has been focused on one of the sub-
catchments which became the experimental site of the LEAM project. 
Close to forestry institute, the land is put to a variety of 
agricultural uses. There are 3.3 ha of citrus fruits, 2.7 ha of 
fish ponds, 2 ha of tree seedling nursery beds and 0.7 ha of cash 
crops such as taro, cassava and peanuts. Since the prime task of 
the station is to undertake afforestation activities, it does not 
have sufficient labour to make full use of the land under its 
jurisdiction. The station has thus contracted some of its land to 
individual farmers. In 1987, 2 ha of fish pond (Photo 2.4) and 2 ha 
of Citrus fields were leased to outsiders under the contract 
system. (Fig. 2.2) 
The revenue of Shenchong is mainly derived from the subsidy 
from the county and provincial governments and augmented by the 
sale of tree seedlings and some cash crops. The rent derived from 
the contracted fish ponds and citrus fields also goes into the 
Institute account. 
2.4 THE LICHONG BASIN 
Located near to Guanxu (Fig. 2.1), Lichong is currently under 
the administration of the Shenggan Village. With a total area of 
2 6.5 Km , Lichong has more than 800 large and small gullies and an 
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erosion affected area of 3.18 Km^. In 1964, a large check dam was 
built at the outlet of the Lichong Basin (Fig. 2.3) to trap the 
eroded sediments and to contain the flood water during rainstorms. 
In 1987, the check dam was filled up and the county government 
decided to carry out a large rehabilitation program to make use of 
the alluvial land behind the dam. Two nearby villages, Shenggan and 
Xiecun, were invited to develop Lichong on a contractual basis. 
With a seed fund from the county government, it was planned that 40 
ha of alluvial bottom land would be reclaimed and converted to 
citrus fruit agricultural base. 
Development of the alluvial bottom lands requires erosion 
control measures to be undertaken on the adjacent hillsides. A 
total of 12 large check dams, 75 small check dams, 8500 m of 
drainage ditches were constructed. Three km road were also laid to 
improve accessibility. 
Lichong is under the administration of Shenggan Village 
Committee. The village has a total population of 1340 and an 
average per capita income of 1080 Yuan in 1988. According to the 
terms of the contract with the county government, the village had 
to mobilize its people to plant trees in the basin and to reclaim 
the alluvial bottom land. In return, every member of the village 
who contributed labour will be allotted a small parcel of the land 
on the hillside where they can harvest the resin and fern and will 
be given a share of a large tract of communal farmland devoted for 
citrus fruits. Each share is equivalent to seven citrus plants. 
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The remaining land has been contracted to individuals on a 
profit sharing basis. Under the terms of the contract system, 
income from citrus and/or other crops in the first two year will go 
to the farmer. In the 3rd and 4th year, 20% of the gross income 
from the land will go to the brigade, and from the 5th year onward, 
the percentage will increase to 30%. 
2.5. THE RESOURCE BASE OF DEQING 
As indicated earlier, Deqing County is one of the remote and 
relative poor regions in South China which suffers from severe soil 
erosion and land degradation. Unlike the much more prosperous Pearl 
River Delta, Deqing is an upland county characterised by poor 
accessibility, inadequate transport i n f r a s t r u c t u r e , low 
agricultural productivity and scarcity of energy resources. The 
harsh economic situation led to a situation which is close to the 
phenomenon of the 'tragedy of the commons'. The vegetative covers 
have been depleted at rates faster than the natural regeneration 
capacity resulting in widespread erosion and land degradation. 
These areas suffer not only from land degradation but also 
from the lack of affordable energy r e s o u r c e s . M a n y rural 
communities have to rely heavily on fern and fuelwood from nearby 
woodlands (Photo 2.5) supplemented by crop residues and animals 
dungs from their farms. Commercial energy such as electricity, coal 
and kerosene is too expensive for these low-income rural people and 
because of the remoteness it is not available in sufficient 
quantities. The accelerated soil erosion also a g g r a v a t e s the 
problem of reservoir siltation and significantly reduces the supply 
of hydroelectric power, the only cheap commercial energy resource 
-30 
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Photo 2.5 Village Woman Violating the Forestry Law 
by Cutting the Branches Directly from the 
Trees 
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in the region (Fig. 2.4). 
At a personal level, as fuelwood becomes scarce due to 
deforestation, the time taken to collect the wood increases due to 
the longer distances that have to be traveled. Increased fuelwood 
collection time has a clear opportunity cost in terms of foregone 
farm output or other activity. Many also adapt to energy scarcity 
by burning crop residues and animal dungs which means that there 
will be decreasing crop productivity, reduced food production 
because their use as a fuel carries a direct trade-off with their 
use as an organic fertilizer for the crops. The end result is the 
loss of productivity and sustained poverty. 
The interdependence of the rural resources system is portrayed 
in Fig. 2.4. The linkages indicate that the deforestation and land 
degradation problem is a compounded problem which has far reaching 
effects on every aspect of life. Pearce and Turner (1990) observed 
that the interconnections are more fragile in developing countries 
than in developed ones. It follows that the current viscous cycle 
I of poverty-environmental degradation can only be reverted if a 
sustainable land rehabilitation and‘regional development strategy 
\ can be formulated. 
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3.1 CONCEPTUAL CONSIDERATIONS 
As this thesis is primarily concerned with the evaluation of 
the land rehabilitation programs in Deqing, the natural starting 
point is a conceptualization of the framework and criteria for the 
evaluation exercise. 
The m e t h o d s used for soil c o n s e r v a t i o n have u n d e r g o n e 
considerable changes over the years in China as well as in other 
countries. Previous strategies focused narrowly on engineering 
measures which have been gradually replaced, at least in rhetoric, 
by integrated catchment management practices. Are current practices 
superior to previous one? How do we measure the success or failure 
of such programs? 
"Success", in China, is often gauged in terms of the number of 
trees planted, number of check dams constructed, area of eroded 
areas afforested, kilometers of drainage ditches dug etc. Whilst 
such data are of interest, they are no more than the inputs to a 
complicated ecological system. One should focus on the results: 
changes in crop yield, increase in fuelwood supply, decrease in 
flood and siltation hazards etc. 
Though the above result-oriented yardsticks are desirable, the 
limited time allowed for this study precludes any long term 
monitoring of the system response to the inputs. Many rehabilitated 
ecosystems take more than a decade for its effects to be fully 
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manifested. One has thus to rely on the basic ecological and 
economic principles to undertake this critical e v a l u a t i o n . A 
succint contribution comes from Ewel (1987) who outlines several 
criteria for measuring the ecological success of a rehabilitation 
program. These criteria have been adapted for the present study 
(Table 3.1) and the data collection program of the present study, 
as described in the following sections, was designed with these 
criteria in mind. 
Many of the criteria listed are not amenable to quantification 
at least within the time frame of the thesis. They have to be 
inferred from some other more tangible parameters. For example, in 
the absence of crop yield data, one has to rely on the physical and 
chemical properties of the soils of the rehabilitated land to 
assess the productivity. Similarly, instead of measuring nutrient 
retention, nutrient loss was measured. 
The following sections describe the methods used and their 
limitations. 
3.2 LAND DEGRADATION PROCESSES 
An evaluation of the rehabilitation program should begin with 
a physical assessment of the degradation processes so that the 
severity of the problem can be ascertained. Measurement of the 
various degradation processes was undertaken in a sub-catchment of 
the Shenchong Basin. This Shenchong Experimental Sub-Catchment is 
2 
about 0.9 km in area and is part of the larger Shenchong Basin. 
The experimental catchment was fully instrumentated (Fig. 3.1) to 
measure rainfall and various meteorological parameters, stream and 
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TABLE 3.1 Citeria For Measuring the Ecological Success of 
a Rehabilitation Program 
CRITERIA 
Sustainability of the system Is the system economically viable 
and ecological self-pertetuating^ 
or must it be susidized to maintain 
itself? 
Vulnerability to pertubations Does the new ecosystem resist 
invasion by other species? Is it 
prone to distruction by natural 
hazards? 
Productivity Is the new system as productive as 
the original? 
Nutrient retention How efficient is the nutrient 
cycling? Is nutrient subsidy-
required? 
Biotic interactions Are all key animal and plant species 
present? Is the system progressing 
towards a desirable ecological state? 
Adapted from J.J. Ewel, "Restoration Is the Ultimate Test of Ecological 
Theory, “ in W.R. Jordan III, M.R. Gilpin, and J.d. Aber, eds.. 
Restoration Ecology: A Synthetic approach to Ecological Research 
























































































































































































































































































ground water flow, gullying and sheet erosion processes as well as 
sediment transfer and output from the catchment (Photo 3.1, 3,2 & 
3.3). 
Monitoring of the erosional processes was undertaken by other 
researchers in the LEAM project team and some of their data will be 
briefly reported in relevant parts of this thesis to provide the 
background for understanding the work described here. Slope erosion 
rates under different vegetation cover measured by 2m x 10 m 
surface plots (Photo 3.4) were undertaken by Woo and Luk (1990) 
whereas the gully sediment yield data were drawn from the work 
performed by Clarke (1989). 
Land degradation is however not just soil loss. The reduced 
productivity associated with land degradation is the result of 
nutrient loss as well as iron toxicity. Methods of measuring 
nutrient loss and iron toxicity are described below. 
3.2.1 Nutrient Loss From Hillslopes 
Attempts have been made to measure the loss of nutrients from 
some of the surface plots used for soil loss and runoff measurement 
(Fig. 3.1, Table 3.2). The surface plots were so designed that any 
surface runoff together with the sediments and nutrients are 
channeled into a flow divider tank (Photo 3.5). The depth of water 
in each tank was measured after each storm for the estimation of 
the total storm runoff, sediment and nutrient loss. Polyethylene 
bottles previously rinsed with distilled water were used for 
sampling. The samples were returned to the field laboratory for the 
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Photo 3.2 A Gully Monitoring Station in Shenchong 
Experimental Sub-catchment 
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Photo 3.3 Weir and Spillway a七 
^ ^ ^ ^ I ^ - I K ^ B ^ ^ ^ M H Dam 1 in Shenchong 
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• 
Photo 3.4 Surface Plots in Shenchong Experimental Basin 
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• 
Photo 3.5 Flow Divider Tank Used for Sediment and 
Nutrient Loss Study 
HPi 
Photo 3,6 Water Logged Wetland in Lichong Basin 
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Table 3.2 Plant Cover of the Surface Plots Used for Nutrient 
Loss Study 
Plot Vegetation cover Slope Area 
(degree) (m2) 
Barren plots 
SBl Barren surface 20.2 9.4 
SB2 Barren but covered with 30.9 8.6 
fallen needles 
Rill lots 
R5 Rilled barren with 64.0 8.3 
sparse pine trees 13.3 
R6 Rilled barren slope with sparse 60.6 
pine trees and pine needes 
Cultivated plots 
SC2 Thick fern cover 24.8 20,0 
SC4 Baji (Morinda officianlis) 22,1 20.0 
cultivation plot 
S5 Turned-over field not yet 27.3 11.4 
cultivated 
Wooded plots 
SWl Revegetated pine woodland 20.1 18.8 
SW4 Primary pine woodland with 37.2 18.9 
thick fern undergrowth 
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and PO^-P. The concentrations of N and P were usually determined 
within 24 hours of collection to avoid changes due to microbial 
action and inter-conversion of the various nitrogen species. 
A duplicate set of the samples collected from the surface 
plots were filtered in the field laboratory using Whatman 41 filter 
paper and the sediments retained on the filters were air dried and 
subsequently sent to the Chinese University of Hong Kong for the 
determination of the concentrations of total N and P in the 
sediments. Sediment associated N and P were determined by first 
digesting the samples in a mixture of NaOH and KSgOg for 30 minutes 
in an autoclave at 115° C and 121 p.s.i. 
3.2.2 Iron Toxicity 
To assess the occurrence of high levels of dissolved iron in 
the waters found in the study area, a monitoring program was 
undertaken to sample the stream water as well as the well water in 
the Shenchong Experimental Sub-Catchment (Fig. 3.1). Streamflow was 
sampled at both dams (AD and BD) and at a spring close to the 
origin of the perennial stream (CD). Groundwater samples were 
obtained from observation wells used drilled into the alluvial 
fans. WA is located in the middle of an alluvial fan and WB and WC 
at the end of the fan close to the wetland. 
Groundwater samples were taken on alternate days in the summer 
season of 1988. On each occasion, the elevation of the groundwater 
table was noted and the water temperature, redox, pH, conductivity, 
and dissolved oxygen were measured in-situ. A "Tygon" flexible tube 
was then slowly lowered into the well and the sample sucked up by a 
peristaltic pump. The samples were stored in an a c i d - w a s h e d 
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"Naglene" bottle and immediately acidified to prevent the 
precipitation of the dissolved iron. On returning to the 
laboratory, the ferrous and total dissolved iron were determined 
within "24 hours according to standard methods (Allen, 1974). 
3.2.3 Properties and Nutrient Status of Rehabilitated Soils 
Cultivation in the alluvial lands immediately downstream of 
severely eroded areas faces two major problems: nutrient deficiency 
and either too little or too much water (ie. water logging) (Photo. 
3.6). 
The poor nutrient status of the soils is both the consequence 
of the nutrient-poor parent materials and intense leaching in the 
tropics, Owing to the absence of a luxuriant vegetation cover, very 
little nutrient is recycled to the agricultural system. 
Since the alluvial lands downstream of eroded areas are formed 
by the deposition of sediments eroded from adjacent hillslopes, the 
undesirable soil water regime is caused by the differentiation in 
the sedimentation process. Sandy alluvial fans are usually formed 
at the mouth of large gullies and silty and clayey particles are 
carried further away to the distal end of the fans or in 
topographic hallows. 
In the sandy alluvial bottom land (Photo 3.7), the large 
porosity and high permeability and infiltration rates cause 
the water to infiltrate into the lower level of the soil 
rapidly, rendering the soil water out of reach the root system of 
the crops. The situation is just the reverse where the finer 
materials are deposited. The infiltration is so low that water 
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I B I 
Photo 3.7 Sandy Alluvial Bottom Land in Shenchong Basin 
Table 3.3 Soil Sampling Strategy in Shenchong & Lichong Basin 
Location Crop Years of Number of 
Cultivation Samples 
Shenchong Uncultivated/Alluvial Fan 0 25 
Shenchong Baji seedlings <1 12 
Shenchong Baji seedlings <3 12 
Shenchong Citrus Fruits 4 12 
Shenchong Peanuts 14 12 
Shenchong Cassava 14 12 
Shenchong Taro 14 9 
Lichong Unculitvated/Wetland 0 12 
Lichong Citrus Fruits 1 12 
Lichong Citrus Fruits + Peanuts 1 12 
(In wetland) 
Lichong Citrus Fruits + Peanuts 1 12 




















































































































































































LA Lichong uncul t ivated wet lands 
LB : Lichong c iUus only ( y e a r 1 ) 
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Photo 3.8 Measurement of Infiltration Rate in Lichong 
Basin 
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logging conditions prevail throughout the greater part of the year. 
Bearing these in mind, assessment of the agricultural system 
should be based on those properties that may affect agricultural 
productivity. In the present study, the following parameters were 
measured: particle size, infiltration capacity, pH, organic matter, 
available N, P and K, and total N, P and K. 
Using the stratified random sampling method, soil samples 
were collected in July to August, 1988 in Lichong basin and 
Shenchong basin (Fig. 3.2 & 3.3). Lands which had been reclaimed 
for different periods of time and cultivated with different crops 
were sampled. For comparative purposes, sandy alluvial bottom land 
and wGiy^ajDud. that had not been cultivated were also sampled as 
controls. This sampling strategy (Table 3.3) allows the effects of 
different agricultural practices for different periods of time to 
be depicted. 
At each sampling location, about 200 g of the top soil were 
obtained. A total of 142 soil samples were obtained following the 
framework shown in Table 3.3. The infiltration rate was measured in 
the field using the ring infiltrometer (Hills, 1970, Photo. 3.8). 
The soil samples were subsequently air dried and returned to The 
Guangzhou Institute of Geography and The Chinese University of Hong 
Kong for the determination of the physical and chemical properties 
mentioned above using the techniques to be described below. 
3.2.4 Methods of Chemical Analysis of Water and Soil Samples 
The analysis of water and soil samples demanded a huge input 
of labour and equipment resources. Because of the remoteness of the 
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field site, the methods used were the best available. 
With regard to the water samples, pH and redox were measured 
in the field by electrodes using a Chemtrix Type 40E pH meter, 
dissolved oxygen was measured with a Cole-Parmer Dissolved Oxygen 
Meter, and conductivity (adjusted to 25°C) with a Hanna H18633 
Conductivity Meter. Water temperature was measured with an alcohol 
thermometer. The titration method (Allen et al, 1974) was used for 
the determination of bicarbonate. Nitrates in water was determined 
with an Orion 93-07 Nitrate electrode in conjunction with a Fisher 
A c c u m e t Model 825MP Ion-analyzer. Ammonia was m e a s u r e d by 
Nesslerization on a Lengguang Spectrophotometer, orthophosphate by 
the molybdenum blue method (Murphey & Riley, 1962) and ferrous and 
total iron by the phenanthroline method (American Public Health 
Association, 1971). 
Soil samples returned to the laboratories in Guangzhou and 
Hong Kong were analyzed chemically using the standard methods 
commonly adopted in China (Nanjing Soil Research Institute, 1979). 
In regard to the particle size, two methods were used. First of 
all, the soil sample was sieved through a 0.1 mm sieve. Those 
which passed through the sieve was subjected to the hydrometer 
test. The remaining portion was dried in an oven and subsequently 
sieved. The data so obtained were combined to obtain a cumulative 
curve and the percentages of of clay (>= 0.002mm), silt (0.002mm 
to 0.02mm) , sand (0.02mm to 2mm), and gravel (>= 2mm) were read. 
3.3 COST-BENEFIT ANALYSIS OF REHABILITATION MEASURES 
To evaluate the cost-effectiveness of current erosion control 
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and other land rehabilitation measures, a cost-benefit analysis 
(CBA) can be undertaken. 
Cost-benefit analysis is an application of N e o c l a s s i c a l 
Welfare " Economics with the objective of improving the economic 
efficiency of resource allocation. In evaluating the relative 
worth of projects or policies, a basis for comparison is required. 
In CBA the common measuring tool is monetary value. 
"The assumption is made that actions that contribute to 
positive increases in a society‘s economic welfare can be 
represented by the equivalent monetary value of goods and 
services the society is prepared to relinquish in exchange. 
Conversely, adverse effects on economic welfare can be 
measured in terms of the monetary equivalent of goods and 
services that would be needed to compensate society for the 
harm done. This is a basic value judgement of benefit-cost 
analysis" (Hufschmidt et al., 1983, p. 24). 
The benefits of a project are the values of incremental 
outputs of goods and services, including environmental services, 
made possible by the project, and the costs are the values of the 
incremental resources used by the project (Hufschmidt et al., 
1983). In CBA both project costs and benefits are discounted to 
the present for a specified time period over which most of the 
costs and benefits will materialize. This is what is known as the 
economic time horizon. The net present value (NPV) is obtained by 
subtracting the sum of discounted costs from the sum of discounted 
benefits. This economic criterion is widely relied upon as a guide 
for establishing if a project will be economically efficient in its 
allocation of resources. A positive value would indicate that a 
net economic benefit will be realized by investing in the project. 
A negative value would mean that a loss would be incurred if the 
project is undertaken. 
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For e x a m p l e , to analyse the cost e f f e c t i v e n e s s of the 
rehabilitation program in Deqing, the following equations were 
used: 
NPV = (Bi - Ci) (1) 
Where i = 1, Silt Trap Dam 
i = 2, Small Check Dams 
i = 3, vegetation coverage on the slopes 
i = 4, Tree planting on the gully mouth 
i = 5, gully head diversion channels 
i = 6, Benching 
i = 7, Tree planting on the gully wall 
i = 8, Land utilization of sedimentated-lowland 
B^ = Benefit gain from erosion control method i 
Cj^  = Cost of erosion control method i 
NPV = Net Present Value 
FC + VC. 
Ci = (2) 
( 1 + r )] 
where V C ” = Variable costs or maintance cost of 
conservation technique i at j year 
FCj^ = Fix cost or construction cost of the 
conservation technique i 
r = social time preference rate or discount rate 
Bi . 
BJL = 2 . 7 - — — (3) 
( 1 + r )〕�
where B ” = Benefit gain from technique i at j year 
Using the above equations, the net present value of the 
program can be ascertained. If the net present value (NPV) is 
negative, the program is considered not viable or cost-effective 
because the costs incurred are larger than their benefits. 
However, if the net present value is positive, the measures 
are feasible as costs are smaller than benefits. The larger the 
net present value, the greater will be the benefits. Chapter 5 
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and 6 will describe the use the CBA and the results in greater 
detail. 
Applying CBA requires the extension of theoretical concepts 
and measurement techniques of applied welfare economics to the 
valuation of those non-market good and services characterizing such 
biophysical processes. The biophysical processes of soil erosion 
and its environmental impacts must be converted into monetary terms 
if CBA is to be used. Quantifying all of these on-site and off-site 
effects is not an easy task since one must place monetary values 
on, for example, the closure of a hill which could otherwise be 
used for the harvesting of fern. However, economic evaluation 
techniques do exist to enable the quantification of biophysical 
processes within natural systems (Hufschmidt et al., 1983； Kim and 
Dixon, 1986). Needless to say, it is important to account for such 
environmental damages in an economic a s s e s s m e n t , since these 
represent great costs to society. 
The use of CBA requires certain assumptions to be made with 
regard to the project life and the rate of discount both of which 
may affect the results. Through this research, a project life of 20 
years and a discount rate of 10% have been used. These estimates 
are reasonable because the former is probably the average life 
expectancy of the large check dams and the latter the actual 
discount rate in China. 
In order to obtain the information required for the CBA, 
I interviews— with the village leaders and farmers were conducted in 
June and December of 1988. The village secretaries were interviewed 
because they were the decision-makers and the liaison persons with 
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the county government. Farmers and villagers were also interviewed 
to obtain the necessary socio-economic data. The institutional 
setting in the study area precluded the use of a rigorous sampling 
strategy and the social setting did not aj.low the use of a formal 
questionnaire. However, no less than 50 farmers and villagers were 
interviewed and the conversation was mainly focused on the economic 
a Spec.t s_.Q_f „ the recent rehab i 1 it at ion program • 
Through talks with the government officials in charge of 
forestry, soil conservation and economic planning, some information 
was also obtained on official perspective of the problems and 
t 
programs. They also provided some basic vital statistics, such as 
population, income and go ve r nmeiit_…in ye s tment on t he rehabilitation 
programs. 
3.4 PROBLEMS AND LIMITATIONS 
Evaluation of the land rehabilitation programs requires more 
data and information than could have been obtained in the present 
study. Whilst the government officials and local villagers were 
much more open now than they were a decade ago, they, were has it ant 
to provide data that are related to the financial aspects of the 
..‘.,'.,-：-':：^"：-乂.，-‘”•^一：”-.. - . . . . . . . . 
programs in question. Building up a picture of what happened in 
Shenchong and Lichong is like working with a jigsaw puzzle. In 
spite of the huge amount of effort put into the interview, there 
were still gaps here and there. To fill some of these gaps, the 
interview undertaken in June 1988 was supplemented by a make-up 
exercise in December of the same year. Extreme care had been taken 
to ensure that the data gaps were filled as far as possible, and 
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the reliability of the data was assessed by一cross-checking. 
Another major obstacle has been the unaMilability, of maps and 
aerial photos which are classified in China. Though the researchers 
had the" opportunity of viewing some maps, they were - not able to 
obtain copies* The land use mapping exercise was therefore based on 
field reconnaissance on a rough sketch supplemented by low-angle of 
photography. 
In short, there is no pretense in this thesis that all data 
which one would have liked to obtain were acquired, but what were 
o b t a i n e d are s u f f i c i e n t to p r o v i d e a clear p i c t u r e of t h e 
rehabilitation programs that have been undertaken. Sufficient data 
have also been obtained for cost-benefit analysis to be described 
in Chapters 5 and 6. 
Most of the problems that are inherent in the laboratory 
analysis and social interviews should not invalidate the results of 
the study. As previously mentioned, most of the methods used were 
the best that were available and the problems just mentioned are 
common to nearly all other field research carried out in China. The 
sound consideration of any set of data requires the awareness of 
these possible sources of error. 
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CHAPTER FOUR 
LAND DEGRADATION! PROCESSES AND PROBLEMS 
4.1 IIANDSCAPE CHANGES IN A SEVERELY ERODED GRANITIC AREA 
As emphasized earlier in this thesis, the problem of soil 
erosion is not just soil loss but rather a gradually decline in 
agricultural productivity. The reduced income following the decline 
in productivity pushes the people further to the line of poverty 
hence aggravating the deforestation-poverty vicious cycle. 
These problems are best envisaged in terms of a landscape 
change model (Fig. 4.1) that depicts the modifications to the 
biophysical environment caused by erosion. Such a model helps 
highlight the degradation processes and puts the c o n s e q u e n t 
problems into perspective. It also highlights those issues which 
need attention in any rehabilitation program. 
The need to consider erosion in a framework of landscape 
change stems from the observation that soil erosion does not exist 
in isolation. As soon as active erosion has began, it triggers off 
a series of changes in the landscape that lead to a decline in 
a g r i c u l t u r a l p r o d u c t i v i t y . To illustrate this p o i n t , the 
development of gullies and slope disintegration features in the 
Shenchong Basin can be taken as example. Here, gully erosion 
transfers large amount of sediment from the hillside and where the 
main stream in the valley is incompetent to transport the deposits, 
colluvial fans are formed at the mouth of these gullies (Photo. 
4.1>. When a series of parallel gullies develop, adjacent alluvial 



























































































Photo 4.1 A Typical Alluvial Fan at Mouth of a Gully 
(Lichong) 
Photo 4.2 Iron-enriched Water (Lichong) 
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valley. Typically, the apron thins out towards the main channel in 
the valley. The consequences of these geomorphic processes are the 
burial of agricultural fields in the valley floors and the 
formation of wetlands usually the upstream of major alluvial fan 
deposits but also at the distal end of alluvial fans. 
Because many of the gullies and slope disintegration features 
are located on south-facing slopes, these wetlands concentrate in 
the valley abutting the north-facing slope. For instance, a sizable 
wetland is located on the southern side of the valley immediately 
upstream of dam 2 in the Shenchong experimental sub-catchment (Fig. 
3.1) • In many wetland locations, finer sediments are trapped which 
d e c r e a s e the permeability of the wetland a r e a . This further 
accentuates the difference in the hydrologic c h a r a c t e r i s t i c s 
between the fan and wetland areas in the valley. 
The resultant landscape is one with denuded hillslopes in the 
uplands and vast stretches of alluvial fans coalescing with pockets 
of wetlands in the lowlands (Fig. 4.1). The hydrologic processes in 
this landscape are both transient and flashy. During rainstorms, 
the streams will suddenly swell carrying with it vast quantities of 
sediments. After rain, the streams shrink rapidly and the water 
course may disappear in a couple of days. During these inter-storm 
periods, water moves down the valleys beneath of the surface of the 
alluvial fans. It is only close to the wetlands that the water re-
emerges to the surface. Since the water takes a sub-surface 
pathway, it does not comes in frequent contact with the atmosphere 
and is thus not as well aerated as surface channel flow. The 
hydrodynamic processes in such a landscape are conducive to a 
chemically reducing environment in and around the we七lands. 
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4.2 LAND DEGRADATION PROCESSES - ON-SITE EFFECTS 
As a consequence of the hydrological and geomorphic processes 
described in the previous section, the following changes in the 
agro-ecosystem would be effected. The on-site effects are discussed 
in this section whilst the off-site ones in the next. 
4.2.1 Soil Loss on the Hillsides 
Erosion is a two phases process consisting the break down of 
the rock or soil, and the transportation of the eroded materials by 
the erosive agent, such as running water and rainfall. (Morgan 
1986). Erosion in Deqing takes three forms: sheet erosion, rill 
erosion and gully erosion. 
Sheet erosion is the detachment and removal of soil more or 
less over the whole affected area, rill erosion is the removal of 
the soil or rock in the small w a t e r - w a y s created by w a t e r 
concentrating in topographic depressions. Gullies are formed by 
water erosion and mass wasting. During times of heavy rain, the 
gully walls absorb water and expand and may fall under its own 
weight or when its base is undercut by running water. 
The measurement of the rates of sheet, rill and gully erosion 
does not fall within the scope of this thesis. Measurement of these 
erosional processes was undertaken by Woo (1988), Clark (1989) and 
Woo and Luk (1990) . Their major findings are summarised here to 
provide the perspective for understanding other degradation changes 
caused by erosion. 
Based on the surface plots undertaken at Shenchong, Woo (1988) 
observed that the rates of the surface erosion processes were 
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dependent on the vegetation percentage and type cover (Fig. 4.2, 
Table 4.1 & 4.2) according to the following sequence: 
Forest < Plantation Woodland< Fern< Bare Surface < Baji fields 
• U. 
Woo (1988) also noted that the rill erosion on weathered 
granitic hillslopes in Deqing did not appear to progress rapidly. 
He attributed this to the resistant coarse-grained barren surfaces 
which were resistant to the runoff generated by storms of medium to 
low magnitude. He also observed that as erosion proceeded, the 
weathering mantle got thinner and the more resistant weathering 
zones were exposed. There is thus a natural check on the erosion 
rate on a barren slope surface. Typical surface and rill erosion 
rates on bare surfaces are 1 to 5 and 5 to 7 mm respectively. 
Luk (1988) and Clarke (1988) however noted that when the 
incision reaches the subsurface material which was less resistant, 
gully development might occur and was dominated by mass wasting 
processes. Large volumes of soil material could be eroded and 
carried away from the gully. In a detailed study of a typical 
gully in Shenchong during the 1988 summer season, Luk and Clarke 
(1989) estimated that approximate 190.8 x 10^ kg of material was 
exported corresponding to an average ground lowering of 79 mm per 
year. 
On the whole, the sediment loss of a severely eroded granitic 
catchment in South China can be very high. During the period from 
August 1988 to July 1989, the total sediment output from the 
Shenchong basin was 2443.8 Mg Km"^ (Luk & Yao, 1990) out of which 
79% was derived from gullies covering only 21% of the catchment 
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Figure 4.2 Nomograph for the Estimation of Maximum 
Soil Loss for a Range of Cover Conditions. 
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Table 4.1 Estimated maximum soil loss by surface erosion 
[g tn] for a range of storms and cover conditions 
Surface Cover 10mm 50mm 100mm 
Bare surface 10.37 115.96 247.93 
.“Fern 25% 0.33 2.81 5.90 
Fern 50% 0.15 0.81 1.63 
Fern 75% 0.02 0.19 0.40 
Fern 100% 0.00 0.01 0.02 
Plantation with understory 0.08 0.32 0.62 
Source : Woo & Luk, 1990 
Table 4.2 Estimated maximum rill erosion [g/sq. m] 
for a range of storms surface conditions 
Surface condition 10mm 50mm 100mm 
Bare surface 53 339 754 
Vegetated slope 0 2 4 
Fern in rill channel 2 11 22 
Bare with sediment trap 0 23 51 
Source : Woo S Luk, 1990 
Table 4.3 Weighted Mean Concentration of Nutrient in Surface Runoff 
form the Plots 
Solute concentration weighted Sediment-associated 
Plot by runoff(ppm) concentrations (ug/g)* 
N03-N NH4-N TIN P04P N P 
R5 0.022 0.647 0.165 0.036 125.3 94.2 
SBl 0.083 0.638 0.721 0.107 1212.4 391.1 
SB2 0.076 0.745 0.817 0.114 1523.3 548.4 
SC2 0.200 0.841 1.041 0.163 1305.6 290.6 
SC4 0.548 1.393 1.941 0.310 1079.5 328.0 
SC5 0.081 0.508 0.589 0.150 1343.4 358.3 
SWl 0.150 0.746 0.896 0.068 1949.0 931.0 
SW4 0.549 0.818 1.367 0.079 829.1 739.3 
* Weighted by sediment yield 
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area. 
Woo and Luk‘ s (1990) study also indicates that even a fern 
cover can reduce erosion s i g n i f i c a n t l y . For sheet e r o s i o n , 
maintaining 50% fern cover will reduce erosion to 1%, provided that 
bare spots on the hillside are not overly concentrated. For rill 
erosion, maintaining vegetation in the rill channels can reduce 
erosion to 4%. 
4.2.2 Loss of Productivity on the Hillside 
As a result of erosion, nutrient loss also occurs on the 
hillslopes and inhibits the normal process of tree and bracken fern 
growth and significantly reduces the amount of fuelwood that can be 
harvested from the hillsides. 
Nutrient transport may take many forms. Some nutrients are 
dissolved in w a t e r , others are absorbed on or b o u n d to the 
sediments. Nitrogen exists in a number of forms, as nitrate or 
ammonia ions dissolved in water or as nitrogen compounds bound to 
the sediments. Both nitrate and ammonia are mobile ions and the 
latter can sorb onto colloids at high pH l e v e l s . L i k e w i s e , 
phosphorus can exist and be transported in the dissolved or solid 
phase. Orthophosphate is the only significant form of dissolved 
inorganic phosphorus (Wetzel, 1983) and occurs only in very low 
concentrations in natural waters because of its propensity to be 
absorbed onto soil particles. 
Although nutrient loss is closely tied to surface runoff, its 
relationship with runoff rate is rarely a simple one because 
nutrients transported as solutes and as particulates are related to 
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the runoff in different ways. There has been an increasing volume 
of literature to show that the proportion of nutrients lost in the 
solid phase can be quite substantial. Other studies also show that 
because soil erosion is a selective process with respect to 
particle Osize, the eroded soil is usually richer in nutrients than 
the surface soil from which the eroded soil comes (Sharpley, 1980； 
1985). This has led to the determination of enrichment ratios (ER), 
calculated as the ratio of the nutrient content of the eroded 
sediment to that of the source soil. 
The loss of N and P, the two major plant nutrients, from 
slopes with different vegetation cover was monitored using the 
surface plots described in section 3.2.1. A total of nine plots 
listed in Table 3.2 were monitored in the summer season of 1988, 
but since too few samples had been collected from the vegetated 
rill plot (R6), only results for the remaining eight plots are 
presented (Table 4.3). To facilitate comparison between plots, 
nutrient loss is expressed in terms of specific loss, defined as 
the weight of loss (ug) per unit area (m^) per unit rainfall (mm). 
The proportion of N and P lost from the various plots in 
sediment-associated forms are shown in Table 4.4. With regard to N, 
the sediments accounted for less than half of the total nitrogen 
export. Among the various plots, the fern and baji plots registered 
the highest proportions of N lost in the solid phase. In comparison 
with N loss, the proportions of P lost in sediment-associated forms 
were slightly higher (Table 4.4). As is the case of N, the baqi 
plot gave the highest percentage of P lost in the solid phase. 































































































































































































































































































































































































































































































































































































































































sediments contained much more N and P than were found in the parent 
soil (Table 4.4), This substantiates the widely accepted notion 
that erosion is a selective process which preferentially removes 
the finer and nutrient-enriched soil particles. As a measure of the 
selectivity, enrichment ratios (ER) of N and P have been computed 
for each plot (Table 4.4). 
It was reported in some studies that the enrichment ratio 
tends to decrease with an increase in rainfall and runoff energy. 
This is because when the erosive energy is high, both coarse and 
fine soil particles are removed hence giving a lower overall 
nutrient concentration (Sharpley, 1980). Should this be true, one 
would expect to find a higher enrichment ratio for the wooded plots 
and a much lower enrichment ratio for the barren plots. This 
however was not the case for S h e n c h o n g , w h e r e the h i g h e s t 
enrichment ratios were obtained for the barren plots. There is no 
apparent explanation for this anomaly. However, the possibility-
exists that on the barren slopes, the erosive energy is so high 
that not only soil particles are dislodged, but particulate plant 
materials which are rich in nitrogen and phosphorus are also 
removed. Similar plant materials might have been trapped and 
filtered out by the root mat in other plots. This admittedly is 
only a postulate that merits further study. 
The total loss (dissolved and particulate ) of nitrogen and 
phosphorus from the various plots is portrayed in Fig. 4.3. It can 
be seen that nutrient losses were smallest in the wooded plots, and 
largest in the barren and baqi plots. Although the nutrient loss 
from the fern plot was two to three orders of magnitude greater 
than that of the wooded plots, it was only a small fraction of what 
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Figure 4.3 Total Nutrient Loss From Various Plots 
68 
was delivered from the baqi plot. 
The results of an analysis of variance performed on the storm 
N and P output indicate that the loss of nutrients from the 
experimental plots was in the order: 
Baqi Plot > Barren Plots > Rill Plot > Fern Plots > Wooded Plots 
These findings suggest that nutrient loss is not necessarily 
proportional to the size of the nutrient pool. Take the case of the 
wooded plots, much greater quantities of nutrients are stored and 
recycled within the vegetative cover than are lost annually in 
surface r u n o f f . Although leaching of the plant m a t e r i a l s by 
r a i n f a l l and dissolution of nutrients in the top soil can 
c o n t r i b u t e substantial amounts of N and P to r u n o f f , t h e s e 
nutrients, particularly P, are also readily re-absorbed by the soil 
materials during transport (Sharpley, 1973; Menzel et. al., 1981). 
Conversely, although the nutrient pool on the barren slopes is 
indeed very small, the total nutrient loss can be appreciable 
because of the huge amount of soil loss. These findings are in 
agreement with studies undertaken elsewhere showing that loss of 
nutrients are greater from disturbed sites than from forested sites 
(eg. Pandey, et. al., 1983). 
From the above findings, a number of observations can be made 
concerning erosion control and land management. Firstly, it has 
been demonstrated that nutrients are not only lost in the dissolved 
form, but also in forms that are bound to the eroded sediments. 
Erosion can therefore significantly deplete the nutrient pool on 
hillslopes. Secondly, the establishment of a thick fern cover, such 
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as the one in Plot SC2, is sufficient to reduce soil and nutrient 
loss greatly. This finding is significant because the fern cover is 
less costly and much quicker to establish than a pine forest cover. 
Thirdly, the cultivation of baqi, a local medicinal herb, is prone 
to erosion and nutrient loss, in quantities that are even higher 
than those from the barren slopes. Because of the high economic 
return, baqi cultivation has become a fashionable practice on 
hillslopes in and around Deqing. 
4.3 LAND DEGRADATION PROCESSES - OFF-SITE EFFECTS 
The two major off-site effects of land degradation are the 
burial of agricultural lands and the occurrence of iron-rich water 
which inhibit plant growth. 
4.3.1 Burial of Agricultural Land Beneath Alluvial Fans 
Materials eroded form upslope are from parts of the weathering 
zone which contain a large amount of coarse material. In addition, 
the process of deposition is selective. As a result, the fan 
deposits are much coarser than 七he surface soil on the hillslopes. 
Furthermore, the deposits derived from the lower weathering zones 
have a low nutrient content. Thus, the buried fields typically 
suffer from coarsening of soil texture and decrease in nutrient 
status and reduced productivity. 
As no suitable equipment was available, it was not possible in 
the present study to ascertain the occurrence or otherwise of 
paleosols in the two study basins. However, there are historical 
archives which indicate that some settlements which existed more 
than a hundred ago in the vicinity of Shenchong and Lichong are no 
7 0 
longer visible on the ground today. In the nearby Baishi Basin, 
seismic work undertaken by other scientists suggested the existence 
of cultural artifacts some 20 m from the existing alluvial fans. 
As a consequence of the erosional and depositional processes, 
some of the previously cultivated lands were rendered derelict. For 
example, the finer nutrient-rich materials are largely deposited in 
w e t l a n d s where the drainage is so poor that c u l t i v a t i o n is 
extremely difficult. On the alluvial fans, the previous fertile 
soils are now converted probably by up to 2〇 meters of coarse 
clastic sediments. Both the buried� 、palaeosol' and the lenses of 
nutrient-rich fine materials are often beyond the reach of the 
roots of agricultural crops. 
Analysis of soils obtained from the unimproved alluvial soils 
confirmed the above postulation. Results indicate that they are 
characterized by high acidity and nutrient deficiency (Table 4.5 & 
4.6). High acidity is unfavourable for crop cultivation because of 
its inhibitory effect on bacterial activity and nutrient uptake. 
Nitrogen fixing capacity of legumes is likewise inhibited and iron-
bearing substances in the soils mobilised into solution. At most 
of the sampling sites, the available nitrogen and phosphorus 
concentrations are much less than 10 ppm - limit of nutrient 
deficiency. With regard to available potassium, soils containing 
less than 60 ppm of available K are generally regarded as K 
deficient, and majority of the sites fall below this limit. 
It should however be noted 七hat the soils in 七he study area 
are not entirely devoid of nutrients, but rather nutrients exist in 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































of total, as opposed to available nutrients, are also shown in 
Table 4.5 and 4.6. Those unavailable nutrients may be locked up in 
mineral forms that are not easily made use of. 
4.3.2 Concentration of Dissolved Iron in Sub-surface Water 
Eroded sediments derived from the hillslopes are iron-bearing 
because they are derived from weathered bedrock and surface soil 
which contain 1. 5% and 3.9% iron r e s p e c t i v e l y . Due to the 
differences in bulk density between the newly deposited material 
and the original surface soil, a perched water table may develop 
which directs Sub-surface flow from the hillslopes to concentrate 
above the original soil surface. When the sub-surface flow reaches 
the wetlands, further movement is impeded by the presence of finer 
materials. In the wetlands, the accumulation and subsequent decay 
of organic debris would create a physico-chemical environment that 
lowers both pH and Eh, the two determinants of the solubility of 
the iron substances. 
In order to look into the problem of the occurrence of iron-
rich subsurface water, a field monitoring program was undertaken in 
the rainy season of 1988• As has been mentioned in Chapter 3, water 
samples were periodically obtained from a spring (CD) which fed the 
Shenchong stream, at the two dams of the river itself (BD & AD), in 
the wetland just upstream of Dam 2 (WB & WC) and in the well 
drilled into the alluvial fans (WA) (Fig. 3.1). The pH and Eh were 
measured in the field and the different species of iron in the 
laboratory. 
Table 4.7 shows the average values of v a r i o u s c h e m i c a l 
parameters at various sampling locations. It is apparent that the 
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Table' 4.7 Water Chemistry of Various Sampling Points 
Location pH Eh D.O. Cond. Ferrous Fe Total Fe 
(mv) (ppm) (US) (ppm) (ppm) 
AD 7.56 113 6.60 50.2 0.27 0.43 
BD 6.60 85 6.40 52.2 0.97 1.3 
CD 6.54 68 4.00 48.1 3,69 3.79 
WA 5.81 150 1.20 21.0 0.36 0.51 
WB 7.00 -56 0.58 89.0 27.15 28.29 
WC 6.63 -50 0.47 205,0 37.01 38.6 
Table 4.8 Occurence of Iron in Downstream Areas 
Location pH Conductivity Ferrous Fe Total Fe 
(US) (ppm) (ppm) 
Downstream 1 6.6 40.7 0.13 o . 1 9 
Downstream 2 6.8 41.0 0.09 0.25 
Drinking Well 5.8 41.5 0.06 0.11 
Fish Pond (surface) 6.8 25.7 0.37 0.57 
Fish Pond (bottom) 6.6 61.1 2.24 2.56 
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waters at WB and WC are distinctively different from that of WA and 
the stream waters (AD, BD, CD) . This is because WB and WC are 
located close to the wetland whereas WA is located in a relatively 
well drained and hence better aerated locations. The three stream 
locations are all fairly well aerated indicating an oxidizing 
environment conducive to the precipitation of any iron compound. 
When the pH and Eh of the samples are plotted on a stability-
field diagram (Fig. 4.4), it is apparent that water at location WB 
and WC exists in a less aerated e n v i r o n m e n t . The r e d u c i n g 
e n v i r o n m e n t favours the dissolution of the ferric c o m p o u n d s 
transforming them into the soluble ferrous species. This probably 
accounts for the very high levels of ferrous iron (up to 30 ppm) 
observed at locations WB and WC. 
It can be envisaged that when this iron-rich subsurface re-
emerges, the Eh drops and pH increases, causing the precipitation 
of the iron as ferric substances. This is why many of the small 
stream beds in the study area have a typical rusty reddish brown 
colour (Photo 4.2) and very low levels of dissolved iron are found 
in the stream water. However, when the stream water enters the 
wetlands or any fish ponds, the ferric substances settle out and 
the precipitates may be brought back into solution when the 
hydrochemical conditions change. 
The occurrence of 'iron-rich water' has become a cause of 
public concern in Shenchong and the adjoining districts. Not only 
is excessive iron a cause of water pipe e n c r u s t a t i o n and 
discoloration of laundry items, it also is a threat^to cultivation 
‘ — 
and—pond—fish culture. Wherever the iron rich-water occurs, the 
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productivity of paddy fields, according to a production brigade 
just downstream of Shenchong, could be reduced by more than one 
half. 
、To assess the possible impact of iron-rich water on human 
activities in downstream areas, a number of water samples were 
obtained from the area downstream of the Shenchong Basin, including 
a public well used for human consumption and at the surface and 
bottom of a fish pond. It could be seen from Table 4.8 that at the 
fish pond, the iron concentration was higher at the bottom than at 
the surface. Readings obtained from the bottom exceeded of the 
maximum permissible level of iron (1 ppm) for fish culture. The 
high level of iron at the bottom could be attributed to a number of 
factors. Dumping of grass into the pond as a feed tends to lower 
the pH. The accumulation and subsequent decay of organic matters at 
the bottom of the pond also deplete the dissolved oxygen and lower 
the Eh. 
4.4 CONCLUDING REMARKS 
Soil erosion in the study area has triggered off a series of 
changes in the landscape which all tend to reduce productivity. 
Whilst the on-sites effects are very eye-catching, the off-site 
impacts are no less detrimental. This chapter has examined the 
effects of land degradation on nutrient d e f i c i e n c y and iron 
toxicity. These problems are intricately linked with the processes 
shaping the landscape. Any attempt to rehabilitate the land should 
take this into account. 
Not all of the land degradation processes have been dealt with 
in this thesis. One significant aspect which has been left out is 
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the ecological retrogression of plant communities as a result of 
e r o s i o n . It is apparent that the degeneration of the plant 
community significantly reduces the biomass production and the 
amount of fuelwood that can be harvested for domestic use. This is 




COST-EFFECTIVENESS OF EROSION CONTROL MEASURES 
THEORETICAL CONSIDERATIONS 
5.1 INTRODUCTION 
The problem of soil erosion in an area is the product of human 
and natural forces and of intended and u n i n t e n d e d a c t i o n s . 
Physical data on soil erosion and sediment delivery as given in 
Chapter 4 are of interest, but do not give much assistance to 
decision-makers in deciding which control measure or combination of 
measures will most closely meet individual or societal goals. 
Therefore, the objective of this chapter is to determine the cost-
effectiveness of a range of soil erosion control measures. This 
will provide decision-makers in the Deqing area with a set of near 
optimal soil erosion control strategies for specific catchments. 
W i t h i n the Shenchong and Lichong b a s i n s , only limited 
cultivation is practiced and villagers in the adjacent areas were 
not permitted to collect fuel or engage in farming within the basin 
boundaries. Thus, the economic data used in this study had to be 
derived from the surrounding area and were used, together with 
physical data from the basin itself, to simulate the economic 
impacts of various soil erosion control s t r a t e g i e s in a 
hypothetical basin similar to the study basins. 
5.2 ECONOMIC-BIOPHYSICAL MANAGEMENT LINKAGES IN THE SHENCHONG BASIN 
BASIN 
As exemplified in Chapter 4, a watershed is a complex system 
in which biophysical processes in upland and lowland areas are 
linked through the hydrological cycle. Because of this, land-use 
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changes and disturbances in the uplands result in a chain of 
environmental impacts in the lowlands. Each biophysical unit, 
process or disturbance within a watershed can be associated with 
corresponding economic costs and benefits at the individual and 
societal level. Figure 5.1 is a schematic diagram illustrating 
many of the biophysical units, land use types and erosion control 
measures found in areas adjacent to the study basins. 
The overall geomorphological components of the local landscape 
have been described in Chapter 2. With regard to vegetation, the 
uncultivated upland slopes (U) consist of some 15 plant communities 
of which pine {Pinus massoniana) and Bracken fern {Dicranopterls 
linearis) are predominant. The former provides resin (sonqxianq), 
one of the principal exports of Deqing County; the latter the main 
source of household fuel for the area. As exemplified in Chapter 
4, fern is also an important erosion control agent. 
The cultivated lands in the valleys (P) have often been 
reclaimed from deposition from eroded sediments trapped behind 
larger check dams (Al, A2) . Smaller check dams (al, a2 etc) are 
built in gullies to retain eroded sediment but the latter are 
seldom cultivated. Cultivated land or fish ponds (Z) near gullies 
may be buried by sediment derived from gullies (F) or other slope 
p r o c e s s e s . Under the current p r a c t i c e of the s o - c a l l e d 
‘responsibility system' in Lichong, the upland slopes are allocated 
to different farm families of village X on a basis proportional to 
the size of the family (VI, V2, etc) . Although not widely 
practised in the region, terraces (T) may be found in some areas, 
more as a moisture-conserving technique than for reducing soil 
erosion. On some slopes, cinnamon trees (yu qui) and/or baji, a 
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A p A2 Main check dams 
32 Check dams on gullies 
B Benches in gullies 
Cs Cropped land on south-facing hillslopes 
Cn Cropped land on north-facing hillslopes 
D Diversion channels 
卩 Fan-sfiaped deposits at mouth of gullies 
G Gullies 
P Cultivated land 
R Rills 
T Terraces 
U Uplands occupied by fern and pine 
• [ • 2 Uplands allocated to farmers under responsibility system 
X A Village 
Z Fishpond 
° Infilled gully 
Figure 5.1 Schematic Diagram to Show the Biophysical 
Units, Landuse Types & Erosion Control 
Measures in Area Adjacent to the Shenchong 
Catchment 
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medicinal root crop may be cultivated. However, the authorities 
are discouraging this practice in the granitic areas of Guangdong 
because of the high erosion rates experienced. 
5.3 RANGE OF EROSION CONTROL/LAND USE OPTIONS 
Field measurements undertaken by other members of the LEAM 
project during 1987-89 show that on a per unit area basis, erosion 
severity of a range of slope surfaces may be ranked as follows: 
unvegetated gullies (G)< vegetated gullies < unvegetated rills (R) 
< bare/recently cultivated slopes (south-facing)(Cs) < bare/recent 
cultivated slopes (north facing) < vegetated/maturecrop covered 
slopes (south-facing). 
The predominant erosion control/land-use type options in the 
area are shown in Table 5.1. 
5.4 METHODOLOGY 
The basic general principles and limitations of cost-benefit 
analysis (CBA) mentioned in Chapter 3 would not be repeated. This 
section describes the application of the CBA technique in the study 
area. 
To determine economic-ecological interactions in the study 
a r e a , the cost-effectiveness of each soil e r o s i o n c o n t r o l 
technique, including the no control option, was determined. Here 
cost-effectiveness is defined as some non-monetary benefit and a 
cost-effectiveness evaluation determines which alternative project 
or management strategy produces the greatest non-monetary benefit 
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Table 5 >1 Erosion Control/Land Use Type Options 
Slopes 
1) A dense covering of fern and other vegetation. 
2) A dense vegetation cover but p e r m i t t i n g sustained y i e l d 
harvesting of fern for fuel and resin and timber production. 
3) Terraces. 
4) No control, with bare slopes. 
5) No control, with cultivated slopes. 
Gullies 
6) Small check dams at the mouth of gullies (al) to contain 
eroded material. Once the check dam is filled with sediment, 
a second dam is constructed further up the gully (a2). 
Usually, no more than four dams are sequentially constructed. 
7) To prevent sediment export from the watershed, large check 
dams (Al, A2) are constricted. These dams retain flood 
waters and allow sediment deposition. After these deposits 
are reclaimed, crops are grown in the area. 8) Biological 
dams: check dams plus vegetation planted in zones 2 or 3; 
9) Infilling of gullies (Q) . A check dam will first be 
constructed at the mouth of the hills surrounding the gully is 
bulldozed into it. Terraces are constructed on the surface and 
planted with crops or fruit trees. 
10) No control, with unvegetated gullies. 
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or which fixed benefit can be achieved at the lowest cost. 
One comment on the need for establishing erosion-productivity 
relationships is appropriate here. The results obtained do not 
indicate the necessity to establish this relationship in the 
present simulation study. This is because unlike on low-gradient 
a g r i c u l t u r a l fields, productivity on the h i l l s i d e is little 
affected where the disturbance is slight. W h e r e a m a j o r 
disturbance such as clear-cutting of the bracken fern occurs, 
m a s s i v e erosion would follow and p r o d u c t i v i t y is r e d u c e d to 
v i r t u a l l y zero. The same can be said about d o s e - d a m a g e 
relationships for downstream uses. 
5.4.1 Data Sources 
Interviews with village leaders and farmers were conducted in 
the Shenchong and Lichong basins and their surrounding villages 
during June-July and December 1988. Information on the dimensions 
and volume of earth in check dams and sedimentation behind them was 
derived from field measurements of 25 large and small check dams. 
The frequency distribution of trees by volume of timber and area 
planted was obtained from field surveys and measurements. Many of 
the costs and benefits were estimated from market prices of labour 
and materials in the area. 
5.4.2 Economic Valuation Techniques 
One of the major problems in environmental evaluation is the 
valuation of unpriced goods and services provided by Nature (i.e., 
those costs and benefits that are not priced in the market) . For 
instance, how do we place a value on soil, water, and nutrient 
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losses, or on the fern collected by villagers in Deqing which are 
used as their major source of fuel? Thus, apart from using actual 
market values of labour and commodities, this study relies on 
additional surrogate measures including replacement costs, shadow 
prices, and opportunity costs. 
Replacement cost is based on the premise that the costs of 
replacing productive assets damaged by erosion can be measured. In 
the case of erosion, this includes particle size of the soil, the 
organic matter and nutrients lost and the moisture holding capacity 
of the soil. The shadow price is used to ascertain the price of a 
non-market commodity, which is assumed to be equivalent to a 
similar product priced in the local or sometimes the international 
market. For example, fern is collected from hillsides and widely-
used as a fuel in the region. The market price of a quantity of 
firewood having an equal calorific content. The cost of 'free' 
labour can be obtained by equating it with the cost of similar work 
in the marketplace. Opportunity costs represent the net economic 
benefits foregone or net income loss because resources are diverted 
from exiting economic activities to soil e r o s i o n c o n t r o l 
activities, for example, if the fern is to be maintained at 
sufficient density to prevent soil erosion, farmers may have to 
purchase fuel in the market to supplement the supplement the fern 
no longer g a t h e r e d , i.e. an opportunity c o s t . A g a i n , by 
maintaining the hillslopes in fern rather than converting them to 
cultivated plots, an opportunity cost is incurred, ie. the income 
foregone by not converting the slopes into cultivated plots. 
86 
5.5 COST-EFFECTIVENESS EVALUATION OF EROSION-CONTROL MEASURES 
In order to evaluate the cost-effectiveness of a range of 
erosion control/land use practices, basic equations for the streams 
of costs, benefits, and net benefits were developed. In total, ten 
options as indicated on Table 5.1 were considered and cost-
effectiveness was evaluated for each option. In the calculations, 
all values are the average annual discounted costs and benefits of 
soil erosion control measures in Yuan (Chinese dollar) discounted 
at 10% per annum over a twenty-year period. All calculations have 
been standardized on a per hectare basis. 
To determine the effectiveness of each erosion control/land 
use option, quantitative information on soil loss rate is required. 
This is based on actual measurements taken in the Shenchong 
Experimental sub-catchment undertaken by Woo and Luk (1990) and 
Clarke (1989) and comparisons with other sources available in 
China and elsewhere. In the Shenchong experimental sub-catchment, 
一 一 1 
a sediment yield of 9426 Mg km yr was obtained in gullied areas 
between dam 1 and dam 2. In this part of the basin, 11 gullies 
were identified. Given a total gullied area of 15.3 ha, the 
一 0 
equivalent gully density is 72 km""^, and the average sediment yield 
is 131 Mg gully_lyr_l. With an average area of 1,350 m^ per gully, 
sediment yield per ha of gully area Ls 971 Mg yr一工，which is taken 
to be the reference soil erosion rate (RSLR) for this study. 
Erosion rates for other erosion control/land use options were 
d e t e r m i n e d e i t h e r from d i r e c t m e a s u r e m e n t s or e s t i m a t e d from 
studies conducted in other granitic regions in South China. While 
there are obvious limitations to the reliability of the estimated 
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rates, they are judged to be in the right order of magnitude and 
therefore would suffice in this study. Actual erosion rates used 
for the present analysis are given in Table 5.2. 
In addition, a distinction is made between private and social 
costs and benefits, respectively. The former represents costs and 
benefits that accrue to specific individuals or easily identified 
groups of individuals； the latter applies to society as a whole, 
external to the individuals or groups that directly benefit from or 
bear the costs of some particular activity. The social costs are 
the costs borne by those living downstream when land use practices 
upstream produce more soil erosion. Similarly, when improvement in 
land use occurs upstream, lower rates of soil erosion will produce 
greater social benefits for those living downstream. 
5.5.1 Option 1 - Hillsides are Maintained Under Dense Fern 
and Tree Cover and No Use is Permitted 
The costs of maintaining this option are the private benefits 
foregone of not using the vegetation for fuel and the resin and 
timber form sonqxiang {Pinus massoniana). This includes the cost 
of alternative fuel, the shadow labour cost for harvesting fern, 
the market value of pine resin, and the labour costs for collecting 
the resin (Appendix 1, Eq.1). To determine the private benefits 
foregone by disallowing fern harvesting on hillslopes, data from 
the Deqing area are substituted in EQ.1: 
Cost of alternative fuel (W) = 15*10^kg of fern * 0.08 
yuan (price of fire wood equivalent of fern) = 1200 yuan 
and shadow labour cost for harvesting fern (1) = 15 * lo^ kg 
fern @ 40 h per 1000 kg harvest effort * 0.75 yuan h一工=112.5 
yuan ha . Therefore,, the net value of benefits foregone for 
not^harvesting fern (W-1) = 1200 - 112.5 = 1087.5 yuan ha一工 
yr . For the 20 year period, the average net present value 
(npv) = 1087.5 * 8.5/20 = 462 yuan 
88 
-b. 
Table 5.2 Average Annua I Discounted Costs and Benefits [Yuan/ha] of SoiI Erosion 
Control Measures Over 20 Years at 10% Discount Rate 
Crop Captical costs Production Erosion | 
I Erosion control/land use option production (amortized). benefits Net benefits rate (Mg/ | 
I costs (A) maintenance (C) C - (A+B) ha/yr) + | 
I cost (B) I 
I 1) Total vegetation cover 958 * 0 ERR 0 | 
I 2) Sustainable yield of fern A8 510 462 0.9 | 
I 3) Terraces 2014 1289 3753 450 2.4 j 
I 3a) Terraces replacing vegatation (as 2014 1289 3537 -408 ** 2.4 | 
I in option 2) | 
I 3b) Terraces replacing crops (as in 2014 1289 3264 -39 ** 2.A | 
I option 5) I 
I 4) No control: bare slopes 958 0 -958 10.7 | 
I 5) No control:cultivated slopes 2014 2503 489 17.5 | 
I 5a) Cultivated slopes replacing 2014 2287 27 ** 17.5 | 
I vegetation (as in option 2) | 
I 6) Small check dams: 255 0 -255 97.0 | 
I no cultivation | 
I 7) Large check dams: 1564 97 1612 -49 60.0 j 
I with cultivation | 
I 8) Biological dams: check 54 255 303 -6 25.0 j 
I dam and vegetation [ 
I 9) Infilling gullies 2014 2668 3753 -929 7.0 | 
I 10) Unmanaged gulIies 0 0 0 971.0 | 
* Includes cost of substituting alternate fuel. 
** Opportunity cost net benefit deducts the net benefits of the land use that has been replaced 
by the measure. 
+ Estimations based on field measurements (Chapter 4) and other sources. 
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Plnus massoniana from which resin, a major product of the 
county is produced, has a life-span of approximately 20 years, the 
last eight years of which yield resin. The trees are then cut down 
and sold as timber and replanting takes place. In the calculation 
that follows (Table 5.3) it is assumed that all trees have been cut 
down in a previous cycle and that all seedlings in the one hectare 
are planted in year 1. 
The average net private benefits forgone form not harvesting 
resin or timber during the 20 year period: 
一 1 - 1 
market value of pine resin (R) = 12204/20 = 610 yuan ha yr ; 
shadow price labour cost used to harvest fern (L) = 2277/20 = 
114 yuan and R - L = 610 - 114 = 496 yuan ha~ yr_ . 
The t o t a l net b e n e f i t s foregone by not p e r m i t t i n g fern 
collection and resin and timber production is 462 + 496 = 958 
ha_l yr_l. 
Hence, the private costs (benefits foregone) of maintaining 
the RSLR through the policy of disallowing any use of hillsides is 
一 1 一 1 
958 yuan ha yr . The social benefit is, of course, the fact that 
downstream areas suffer minimal soil erosion damage. This option 
provides the maximum soil erosion reduction below the RSLR. 
5.5.2 Option 2 ； Slope - Maintaining Dense Vegetation Cover 
but Permitting Sustained Yield Harvesting of Fern for 
Fuel and Resin and Timber Production 
Field data collected in this project have shown that provided 
there is a substantial level of fern cover, only minimal soil 
losses occur from the hillslopes as a result of modest fern 
harvesting and removal of trees. In Option 2, therefore, soil loss 
is minimal and the net private benefits foregone in Option 1 now 
become piri.va.te benefits gained which arnount to 958 yuan ha yir • 
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TABLE 5.3 DISCOUNTED NET BENEFTIS OF RESIN PRODUCTION PER HECTARE 
I YEAR ACTIVITY COSTS BENEFITS DISCOUNT COST BENFITS NET BENEFITS | 
I FACTOR (PV) (PV) (PV) I 
I 1 Planting seeds (a) 135.00 0.00 0.91 122.73 0.00 -122.73 j 
I Labour (b) 900.00 0.00 0.91 818.18 0.00 -818.18 | 
I 11 Harvesting resin: labour 570.00 4725.00 0.35 199.78 1656.08 1456.30 j 
I c o s t ( c ) a n d s a l e o f r e s i n ( d ) | 
I 12 as in Year 11 570.00 4725.00 0.32 181.62 1505.53 1323.91 j 
I 13 as in Year 11 570.00 4725.00 0.29 165.11 1368.66 1203.56 j 
I 1A as in Year 11 570.00 4725.00 0.26 150.10 1244.24 1094.14 . j 
I 15 as in Year 11 570.00 4725.00 0.24 136.45 1131.13 994.67 | 
I 16 as in Year 11 570.00 4725.00 0.22 124.05 1028.30 904.25 j 
I 17 as in Year 11 570.00 4725.00 0.20 112.77 934.82 822.OA | 
I 18 as in Year 11 570.00 4725.00 0.18 102.52 849.83 747.31 j 
I 19 as in Year 11 570.00 4725.00 0.16 93.20 772.58 679.38 j 
I 20 Sale of lumber (e) 0.00 11250.00 0.15 0.00 1672.24 1672.24 j 
I Sale of firewood (f) 0.00 277.00 0.15 0.00 41.17 41.17 | 
I Labour costs (g) 473.00 0.00 0.15 70.48 0.00 -70.A8 | 
I Total 2276.99 12204.58 9927.60 j 
(a) 0.03 yuan per plant * 4500 trees/ha 
(b) 150 man-days/ha S) 6 yuan/day 
(c) 95 man-days/ha S) 6 yuan/day 
(d) A500 trees/ha a 2.5 kg resin per tree/yr 5) 84 yuen per 100 kg resin 
(e) 75 cubic metre wood/ha a 150 yuan/cubic metre 
(f) a 0.01513 * 75 cubic metre timber/ha * 0.6 * 0.12 yuan/kg 
(g) 1 man-day/cubic metre • 75 cubic metre a 6 yuan/day 
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In this case, the low level of soil erosion can be obtained with a 
net benefit of 958 yuan instead of a similar loss in Option 1. In 
this Option, there are both social and private benefits to be 
gained. 
5.5.3 Option 3: Slope - Building Terraces on Hillslopes 
The net benefit of a terrace is a function of the costs of 
construction and maintenance and net revenues from agricultural 
p r o d u c t i o n on the t e r r a c e s . Terrace c o n s t r u c t i o n costs are 
determined by human and animal labour costs, and machinery and 
material costs. Similar types of costs are required for terrace 
maintenance (Appendix 1, Eq.3). In the case of cultivation of land 
on terraces behind large check dams and in the no control option of 
allowing unrestricted cultivation of hillslopes, calculation of net 
crop revenues must be made. These are a function of labour, 
machinery, seed and fertilizer costs. They will vary by year, by 
conservation practice, by location of the field and by crop type 
(Appendix 1 EQ.4). Thus, net terrace benefits from agriculture are 
the difference in agricultural production revenues from crops grown 
on the land with and without the terrace in place (Appendix 1, 
Eq.5), and net terrace benefits are the overall benefits of 
c o n s t r u c t i n g a t e r r a c e , accounting for both c o n s t r u c t i o n and 
maintenance costs as well as net terrace benefits from agricultural 
production (Appendix 1, Eq.6) 
To determine net terrace benefits, a 2-m high wall and a 22° 
slope are assumed. Bulldozer construction costs are 1 yuan m_3. 
Crops used for this simulation are the same as the Baii/Yu Gui 
combination in Option 5. Yield of crops is taken to be 50% higher 
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on terraces because of the minimal loss of nutrients and the 
greater amount of moisture retained. Furthermore, it is known that 
45 person-days per hectare per year are required to maintain the 
terrace. 
Average annual revenue of cultivation on terraces is 1.5* 
revenue of baji and yu gui on unterraced slopes (Table 5.2). 
Based ojn^  Eq.4 (Appendix 1), this is determined to be 3,753 
yuan yr . Also according to Eq.4, average annual cultivation 
costs (Table.5.4) = 2,015 yuan. Terrace construction cost is 
at 10,000 yuan amortized atlO% for 20 years = 1,186 yuan yr"^. 
Maintenance cost of terraces = 103 yuan yr一1. Hence average 
annual construction and maintenance cost of terraces = 1,289 
yuan (Appendix 1, Eq. 2 & 3). net benefits without adjusting 
for opportunity costs of using the slope land for other crops 
before terrace construction = A - (B + C) = 450 yuan yr一工 
(Appendix 1, Eq.6). 
However, if terraces have replaced crops formerly grown on 
slope land, the net revenues form these are opportunities now lost 
from terrace construction and must be deducted. 
If the terraces replace fully vegetated hillsides, with a net 
benefit of 958 yuan yr"^ (Option 2), the adjusted net benefit 
= 4 5 0 yuan yr" - 958 yuan yr"^ : -408 yr一丄. If terraces 
replace cultivated slopes with a net benefit of 489 yuan yr一工， 
the adjusted net benefit = 450 yuan yr一丄 一 489 yuan yr一工=-39 
yuan yr . 
The results indicate that cropping on terraces in the the 
study basins may involve a net economic loss to farmers, ever 
though soil erosion losses are greatly reduced from 17.5 Mg h a ] 
一 1 . 一 1 1 
yr for cultivated slopes to 2.4 Mg ha一lyr一工 for terraced slopes 
(Table 5.2). This result is in accord with other findings in the 
literature (Mitchell and Brach, 1980). It also represents a case 
in management strategy where there are private economic costs or 
g o v e r n m e n t s u b s i d i e s , but c o n s i d e r a b l e social b e n e f i t s (ie. 
reduction in soil erosion). The analysis presented above may also 
indicate why little terracing is practised in the study basins. 
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5.5.4 Option 4: Slope - No Erosion Control Measures 
Under this option, where the slopes have been overcut until 
they are bare, the net private costs (benefits foregone) would 
amount to the same as Option 1 (958 yuan and average soil 
loss would be 10.7 Mg or 960 Mg below the RSLR. Under 
this option, there are both heavy private and social costs. 
5.5.5 Option 5 - Slopes - Conversion from Fern and Woodland to 
Baii and Yu Gui Crops 
In this option, it is assumed that the original vegetation 
will be sold as fuel or timber and that the baji and yu gui will be 
planted in the first year and harvested in the fifth year. The 
same five year planting-harvesting cycle will continue until the 
f 
20th year. It is assumed that each crop occupies equal portions of 
the land. Equation 4 (Appendix 1) is the basis for the calculation 
in Table 5.4. 
Table 5.4 shows that the unadjusted net private benefits of 
this option amount to 489 yuan h s T ^ r ' ^ , However, if 七 he net 
benefits derived from harvesting the vegetation of the slope 
(Option 2) on a sustained yield basis are replaced by the net 
benefits from cultivated slopes, then the adjusted net benefits of 
the baji and yu gui cultivation are 489 yuan 一 462 Yuan = 27 Yuan 
- 1 - 1 
ha yr . These private benefits are purchased at the price of a 
high cost in soil erosion (17.5 Mg ha一lyr一丄）to society. 
5.5.6 Option 6_- Small Check Dams Constructed to Control 
Gully Erosion 
The net benefit of a check dam or biological dam is a function 
of the construction cost and maintenance cost, less revenues from 
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Table 5.4 Baji and Yu Gui Production - Costs, Benefits and Present Value (PV) 
per Hectare 
I Discount Present Present Present | 
I Year Activity Costs Benefits factor value value value net | 
I aiO% c o s t s b e n e f i t s b e n e f i t s | 
I 1(a) Clearing land and planting 12083.00 11527.00 0.909 10983.45 10478.04 -505.40 | 
I 2(b) Cultivation 2160.00 0.00 0.826 1784.16 0.00 -1784.16 | 
I 3 cultivation 2160.00 0.00 0.751 1622.16 0.00 -1622.16 | 
I 4 cultivation 2160.00 0.00 0.683 1475.28 0.00 -1475.28 | 
I 5(c) Harvesting and planting 11610,00 28687.00 0.620 7198.20 17785.94 10587.74 | 
I 6 Cultivation 2160.00 0.00 0.564 1218.24 0.00 -1218.24 | 
I 7 Cultivation 2160.00 0.00 0.513 1108.08 0.00 -1108.08 | 
I 8 Cultivation 2160.00 0.00 0.466 1006.56 0.00 -1006.56 j 
I 9 Cultivaiton 2160.00 0.00 0.424 915.84 0.00 -915.84 | 
I 10(b)Harvesting and planting 11610.00 28687.00 0.385 4469.85 11045.50 6574.65 | 
I 11 cultivaion 2160.00 0.00 0.350 756.00 0.00 -756.00 | 
I 12 Cultivation 2160.00 0.00 0.318 686.88 0.00 -686.88 j 
I 13 Cultvation 2160.00 0.00 0.289 624.24 0.00 -624.24 j 
I 14 Cultivation 2160.00 0.00 0.263 568.08 0.00 -568.08 j 
I 15 Harvesting and planting 11610.00 28687.00 0.239 2774.79 6856.19 4081.40 j 
I 16 Cultivation 2160.00 0.00 0.218 470.88 0.00 -470.88 j 
I 17 Cultivation 2160.00 0.00 0.179 386.64 0.00 -386.64 j 
I 18 Cultivation 2160.00 0.00 0.164 354.24 0.00 -354.24 j 
I 19 Cultivation 2160.00 0.00 0.149 321.84 0.00 -321.84 | 
I 20 Harvesting and planting 11610.00 28687.00 0.135 1567.35 3872.75 2305.39 | 
I Total 40292.76 50037.42 9744.66 j 
(a) Benefits: fern (Y277) + timber (Y11250) sold = Y11,527; 
costs: clearing land (Y2,250) + Baji and Yu Gui seedlings (丫6,750) 
+ planing costs (YA50) + fertilizers (Y315) + pesticides (Y45) 
+ cultivation (Y1,800). Amounts expressed in yuan/ha/year 
(b) Costs of cultivation + fertilizers + pesticdes as in (a) above. 
(c) Benefits from harvesting: baji 26,260 in jin/ha 9 Y1.5/jin 
=Y39,375; total benefits from cinnamon (bark and oiI) 
=Yl8,000/ha. It is assumed that the field area is equally divided 
between yu gui and baji. Total benefits form baji and yu gui 
=Y57,375 / 2 = Y28,687. 
(d) same as (c) above. 
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agricultural production on lands created by the check dam. In the 
case of small and biological dams, there is usually no cultivated 
land behind them. Check dam construction costs and maintenance 
costs are determined by the cost of human and animal labour, as 
well as machinery and material (e.g. stones)(Appendix 1, Eq.7 & 8). 
Check dam benefits are the revenues during he life time of the 
check dam from crops grown on the bottomland created by the check 
dam (Appendix 1, Eq.9). Net check dam benefits can be determined 
by the difference between total benefits on the one hand, and total 
construction and maintenance costs on the other (Appendix 1, 
Eq.10). 
In substituting data in Equation 7 (Appendix 1), the following 
assumptions were made; 
(a) soil loss per hectare of gully area is 971 Mg . 
(b) Average volume of earth used in construction of a dam = 
307 m^. To control 1 ha of gullies, 2,272 m^ of earth 
are required. 
(c) Bulldozer costs = 1.00 yuan . 
(d) Life expectancy of small dams is 5 years. Over 20 years, a 
total of 4 dams are constructed in the gully. 
(e) Dams of this size can retain 971 Mg of eroded 
sediment. Over five years, some suspended sediment is lost 
when it is flushed over the spillway of the dam and when the 
dam breaks, approximately 10% of the stored sediment will be 
lost. Over 20 years, average annual soil loss = 97 Mg 
A c c o r d i n g to Equation 7 (Appendix 1), total c h e c k dam 
construction costs over a twenty-year period = 225 yuan ha一lyr一工. 
Unless crops are grown on the reclaimed land behind the dam, there 
are no private benefits for small dam construction. However there 
are large social benefits since the quantity of erosion discharging 
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一 1 一 1 
from the gully has been reduced from 971 Mg ha yr for 
- 1 - 1 
uncontrolled gullies to 97 Mg ha yr • 
5.5.7 Option 71 Gully - Large Check Dams 
The calculations used for large check dams are the same as 
those used for small check dams (Appendix 1, Eq. 7 & 8) except that 
the net benefits of the crops grown on land reclaimed behind the 
dam must be subtracted from the costs of reclamation. To these 
costs must be added the cost of constructing and maintaining 
diversion channels that will transport iron-enriched runoff and 
sediment from gullies which may damage the newly reclaimed fields. 
In this example, it is assumed that a single large dam is built in 
year 1 to reclaim one hectare of valley bottom land. The capital 
cost of the dam is 782 yuan. Amortized over 20 years at 10% and 
with an additional 5 per cent for maintenance costs, the total 
costs are 97 yuan yr 
Net crop benefits are calculated in accordance with Eq. 4 & 5 
(Appendix 1). It is assumed that crops (baji and yu gui) are not 
planted for five years until the sediment inflow behind the dam has 
s t a b i l i z e d . Except for the sale of timber and f e r n , the 
calculations of net crop benefits are similar to those in Option 5. 
It is assumed that prior to dam construction, the valley floor was 
so filled with alluviated sediment that no crops were grown. 
To the crop costs must be added the cost of constructing and 
maintaining diversion channels around the cultivated land in the 
valley bottom. It is assumed that the channel will be constructed 
in year 6 and will involve the excavation of 450 m^ of earth • At 
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2 m3 per man-day @ 6 yuan per day, total cost = 761 yuan. From 
3 
historical records obtained at the Fengquan Village, 184 m of 
sediment must be cleared from the channels per year or labour costs 
of 552 yuan yr"^. Discounted over the remaining 14 years of the 
project, this is equivalent to 2,295 yuan. The average total crop 
production costs over the twenty-year period now become 1,564 yuan 
yr一 1. In this calculation, it is assumed that virtually all the 
sediment derived from gully erosion on the hillside is deposited in 
the diversion channel. 
Substituting in Eq.4, the net crop benefits (revenues) amount 
一 1 
to 48 yuan yr . Subtracting the amortized construction costs and 
maintenance, the total net benefits for the large dam construction 
一 1 - 1 
are -49 yuan ha yr . Because there is usually better maintenance 
of the larger check dams, sediment loss from failure will be 
reduced. It is estimated that an average of 60 Mg will be 
d i s c h a r g e d over the dam spillway, in the form of s u s p e n d e d 
sediment. This amount will be lower than average in the early 
stages of infilling and will increase as sediment deposits decrease 
the flood retention volume behind the dam. 
5.5.8 Option 8: Gully - Biological Dams 
C a l c u l a t i o n s for biological dams are based on the same 
premises as those for small check dams, except that the costs of 
tree and shrub planting and the benefits for sustained harvesting 
of this vegetation have also to be accounted for. The assumptions 
for the costs of small check dams (Appendix 1, Eq. 7 & 8) and those 
used for Option 2 are applied here yielding a net benefit of _6 
, - 1 - 1 
yuan ha yr . Because vegetation is planted on the dams and in 
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the gullies and on less steep slopes of the gully walls, erosion 
一 1 一 1 
rates are lower at an estimate of 25 Mg ha yr . 
5.5.9 Option 9; Gully Infilling of Gullies 
In this option, a check dam is constructed at the mouth of the 
gully and material is bulldozed from surrounding slopes until the 
gully is completely filled. Terraces are then constructed on the 
new surface of the gully and crops planted. Vegetation is planted 
on the slopes which have provided fill. It should be noted that 
this option is not widely practised and that there are considerable 
unknown risks involved. If heavy rain was to occur prior to 
consolidation of the fill material, extensive slop failures and 
erosion from bare slopes could have disastrous consequences. 
It is assumed that none of the risks mentioned above will 
occur. One hectare of gully requires 24,000 m^ of fill. To this 
must be added the cost of the check dam at the mouth of the gully 
(Appendix 1, Eq.7) and the terrace construction costs (Appendix 1, 
Eq.2 & 3). It is assumed that no check dams had been used to 
control erosion in the gully prior to the new development. the 
calculations for the costs and benefits of cultivation on the 
terraces is the same as in Option 3 except that planting of 
vegetation on the bare slopes has been added to the former, giving 
a negative net benefit of 929 yuan ha一lyr_l. 
Because of the heavy capital costs, this option has large 
negative net benefits. However, it is believed to reduce erosion 
significantly provided that none of the risks enumerated above 
occur. Since such infilling can be accomplished by government 
agencies only, the option involves heavy social costs in terms of 
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investment but has high social benefits as far as erosion from 
gullies is concerned. 
5.5.10 Option 10: Gullv - No Erosion Control 
This is the 'do nothing' option, with no control measures 
established in the gullies. Given the large amount of sediment 
contributed by gully erosion in the area, this option is clearly 
one that should be avoided. Table 5.2 summarizes the costs, 
benefits, net benefits, and soil loss for all the options discussed 
above. 
5.6 POLICY IMPLICATIONS 
The costs, benefits and erosion control of ten selected 
erosion control/land use options have been analyzed above. The 
rigorous constraints under which the model r u n , r e q u i r e the 
decision-maker to define precise objectives. More useful, perhaps, 
is a ranking of options according to their cost effectiveness in 
reducing soil erosion below the maximum possible of 971 Mg ha _ 
(Table 5.5). 
If the criteria of cost-effectiveness is used, harvesting 
slopes on a sustainable basis is the most effective, while gully 
infilling is the least. However, if one of the goals of the 
decision-maker is to increase the incomes of farmers, the net 
p r i v a t e benefits from each option must also be c o n s i d e r e d . 
Unfortunately, the options with low cost-effectiveness provide high 
net benefits, and those with high cost-effectiveness have low to 
moderate net private benefits to farmers. In the moderate benefit 
category are harvesting fern and resin on slopes, biological dams, 
1 0 0 
and large check dams. 
If the goal is to maximize farm income and to keep soil 
erosion levels low, then the authorities will have to provide 
considerable subsidies to improve options that have low cost-
effectiveness but provide high net returns for farmers such as 
cultivating slopes. If the goal is to provide cost-effective 
erosion control measures^ farmers‘ incomes may not benefit so much. 
They may have to be subsidized to cover the crop losses Incurred by 
using better soil conservation techniques, 
Since approximately 80% of basin erosion is derived from 
gullies, it makes economic and ecological sense to give priority to 
gully erosion control. Building check dams or biological dams in 
gullies reduces erosion levels by 873 and 94 5 Mg h a " ^ , 
respectively and only requires a very modest private or social 
cost. One large check dam will reduce erosion by some 37 Mg ha~^a" 
1 compared to a larger number of gully check dams controlling the 
same area of gullies. The large check dams also bring net benefits 
rather than costs to farmers since land behind the large dam can be 
cultivated, whereas behind small check dams it is not. However, it 
should be emphasized that the large check dams only control 
sediment export from the basin and they do not reduce erosion in 
the gullies. 
On slopes, the greatest reduction in soil erosion comes from 
replacing cropped slopes by sustained harvesting of fern (Option 
2), or by terraces. However, the latter is accompanied by lower 
net benefits on the farmers. In the final analysis, well vegetated 
slopes and biological dams in gullies, while not bringing so much 
1 0 1 
short term gain to farmers, will in the long run, bring benefits 
both to society and to individual farmers, since the less cost-
effective control measures will no longer have to be constructed. 
5.7 POLICY OPTIMIZATION WITH MULTIPLE-OBJECTIVE DECISION MODELING 
The above discussion has highlighted the conflicts between the 
individual and societal goals which could be resolved by developing 
a multi-objective decision model. Such a model could be developed 
to identify optimal policies will be defined according to the 
decision-maker‘s goals and trade-offs foreseen b e t w e e n such 
conflicting objectives as cost minimization, erosion minimization, 
and maximization of land productivity. 
Figure 5.2 illustrates, in its simplest form, a typical curve 
that might be used by decision-makers dealing with a trade-off, 
between the objectives of cost m i n i m i z a t i o n and e r o s i o n 
minimization. At one extreme, there is no cost and no reduction in 
erosion; at the other, there is substantial reduction in soil loss 
rate at a very high cost. The curve defines the relationship at 
each intermediate position and informs the decision-maker what 
level of erosion control can be obtained at what cost. 
In collaboration with Professor J. Whitney, an attempt has 
been made to develop such a model (Whitney & Choi, 1989) . This 
task, which is still continuing, is of such a scope and complexity 
that it is a separate research on its own. Some of the very 
preliminary results have been summarised in the report submitted to 
IDRC (Luk 6c Yao, 1989) and the basic concepts will be presented 
below to highlight the importance of multi-objective modeling as a 
1 0 2 
• fc. 
Reduction in soil erosion 
Figure 5.2 Trade Off Curve Between Costs of Control and Reduction in Soil Erosion 
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future research area. 
The model to be developed is a multi-objective decision model 
with two objectives: (1) to minimize the costs of implementing soil 
erosion control measures, and (2) to maximize reduction in soil 
erosion. Additional or alternative objectives can be substituted 
according to the goals of local decision-makers. 
There are two groups of erosion source areas in the proposed 
model, distinguished by the type of control measure or land use 
appropriate for that particular feature. There are five control 
options for slopes and five for gullies. The objective function in 
the model recognizes the different groups by including two sets of 
decision variables as shown in Equation 11 of Appendix 2. slopes 
can be represented by a single decision variable, X, because the 
appropriate control measures are all measured in hectares. Options 
for gully control are represented by decision variable Y which are 
also in hectares. 
The equations for the basic form of the model are given in 
Appendix 2. When fully developed, the model provides the decision-
maker with a normative tool for allocating the type of erosion 
control/land use allowed in a watershed to reach the goals defined 
by the objective functions. 
It is important to stress that the model itself does not 
provide a single correct answer to a particular question, such as 
” What should be the rational mix of land uses/erosion control 
measures to minimize soil erosion in a catchment?" The answer 
depends on a number of factors: 
1 0 4 
(1) the type and quantity of the objective function that has 
been specified ( e.g. gross benefits, gross costs, net 
benefits or net costs and whether they are to be 
maximized or minimized): 
(2) the allowable level of erosion from slopes and gullies; 
(3) the budgetary constraints (not included in this model) on 
government allocations to improving erosion control/land 
use; and 
(4) the assumptions that have been made about such variables 
as the opportunity cost of labour, price of alternative 
fuels to fern and grass, relative price changes in the 
major crops grown in the area, and the discount rate 
used. 
A decision-maker can vary any of the objectives/assumptions 
above and perform a sensitivity test to determine what effect such 
variation will have on the optimal mix of erosion control/land use 
options to be introduced into a watershed. The model can be solved 
by a modified mixed integer program LINDO. The data input to the 
model are derived from Table 5.5. Some assumptions are made 
including that the control measures used on slopes and in gullies 
and bottomlands, respectively, are mutually exclusive. 
Not addressed in the model now developing, but which might be 
considered for addition in future developments are: interactions 
among control measures for objective function coefficients: and 
risk of dam failure and costs and benefits of large check dams. It 
is anticipated when fully developed, the model can assist the 
d e c i s i o n - m a k e r s in finding the near optimal c o n d i t i o n s for 
selecting erosion control measures and allocating land use. 
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Table 5.5 Soil Erosion Control Options Ranked According to Their 
Cost-Effectiveness in Reducing Soil Erosion* 
I Option Land use/control option Cost per Mg of Net private Net public | 
I s o i l l o s s r e d u c e d b e n e f i t s b e n e f i t s | 
I 2 Sustainable yield of fern 0.038 Moderate Very high | 
I 6 Small check dams 0.290 Very Low Moderate j 
I 8 Biological dams 0.320 Moderate High j 
I 4 No control: bare slopes 0.998 Very Low Low I 
I 1 complete vegetation cover: no use 0.987 Very Low High | 
I permi t ted I 
I 7 Large chek dams 1.825 Moderate Moderate j 
I 5 Cultivated slopes with no control 2.100 High Low I 
I measures | 
I 3 Terraces 3.410 High Moderat j 
I 9 Infilling gullies 4.860 High Moderate to | 
I high I 
I 10 Unmanaged gullies No soiI loss Zero Very low 
i reduction j 
•Reduction refers to amount of soil loss reduced below the RSLR. 
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CHAPTER SIX 
REHABILITATION PROGRAMS AT SHENCHONG AND LICHONG RECONSIDERED 
6.1 INTRODUCTION 
Chapter 5 has evaluated a number of erosion control measures 
applicable to Deqing using a cost benefit analysis approach. That 
is largely an attempt based on theoretical considerations which 
have to be assessed in real situations. This chapter therefore 
attempts to evaluate the land rehabilitation programs at Shenchong 
and Lichong in the light of the findings of Chapter 5. 
As highlighted at the beginning of Chapter 3, economics is 
only one of the several criteria for assessing the success of a 
land r e h a b i l i t a t i o n p r o g r a m , ecological and a g r i c u l t u r a l 
considerations are of equal importance. Hence, the rest of this 
chapter will assess the rehabilitation programs at Shenchong from 
the ecological, agricultural and economic perspectives. As in the 
case of many other infrastructure projects, there are bound to be 
problems. Problems identified which may require adjustments to be 
made to the existing institutional arrangements will be highlighted 
and discussed in the latter part of the chapter. 
6.2 LAND REHABILITATION AT SHENCHONG 
As described in previous chapters, the land rehabilitation 
program at Shenchong was coordinated by the Forestry Institute 
which is a state-owned organization. Being a state venture whose 
mandate was to experiment with new techniques and to disseminate 
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information, the work undertaken at Shenchong departed somewhat 
from other past similar projects in at least two ways. 
First, the emphasis is not merely on erosion control of the 
hillside, but also on the reclamation and subsequent utilization 
of the alluvial bottomlands. As already described in Chapter 4, 
reclamation of the derelict bottomlands is fraught with a multitude 
of problems: nutrient deficiency, iron toxicity, vulnerability to 
flood and siltation risks and poor water retention capacity. 
A wide range of rehabilitation measures were undertaken at 
Shenchong (Table 6.1) to tackle such problems. For example, to 
control slope erosion, 67 ha of the hills had been ‘closed' both to 
man and animals and another 141 ha planted with 25,000 trees (Photo 
6.1). Sixty five check dams had been erected at the mouth of the 
gullies to trap and prevent sediments from b u r y i n g a d j a c e n t 
farmlands and a total of 8 large check dams had been built across 
the streams to protect downstream settlements and agricultural 
lands. Flooding was also controlled by a network of 3.6 km of 
ditches dug around the footslope and across the reclaimed land to 
divert the slope runoff to improve drainage and alleviate the iron 
toxicity problem. 
Implementation of the above measures has enabled the derelict 
bottomlands to be reclamation and made use of. During the period 
from 1983 to 1988, 6 ha of alluvial bottomland had been leveled and 
cultivated (Photo 6.2) and another 2.7 ha of fish ponds dug (Photo 
2.3). Part of the reclaimed land were rented to individuals for 
citrus fruit cultivation and fish farming on a contractual basis. A 
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Table 6.1 Rehabilitation Measures Undertaken in Senchong & Lichong Basins 
Shenchong Lichong 
Basin Basin 
1. Total Area (sq. km) 4.3 6.5 
2. Eroded Area (sq. km) 2.67 3.18 
3. Total Gullied Area (sq. km) 0.8 n/a 
4. No. of Gullies 417 >800 
5. Erosion Control Measures 
a. Large Check Dams 8 13 
b. Small Check Dams 63 78 
c. Tree Planting (ha) 140.7 160 
d. Benching 一 Gullies 2 0 
e. Fully Hill Closure 66.67 0 
6. Land Reclamation 
a. Drainage Ditches (km) 3.6 8.5 
b. Reclaimed Land 
i. Fish Pond (ha) 2.7 0 
ii. Citrus Fruit (ha) 3.3 40 
iii. Seedling Nursery (ha) 2.0 0 
ix. Others (ha) 0 . 7 0 
Total (ha) 8.7 40 
7. Infrastructure 
a. Road Construction (km) n/a 3 
b. Footpath Constr'n (km) n/a 2.4 
n/a = information not available 
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Photo 6.1 Revegetation and Reforestation in the Hillside 
of Shenchong Basin 
— — 
Photo 6.2 Citrus Field in Shenchong Basin 
1 1 0 
total of 2.7 ha of fish ponds were so contracted on the terms that 
the Institute is responsible for site formation (leveling, 
dredging, drainage) and the contractors have to pay a land rent of 
1500 to 2100 yuan per ha per year depending on the site and water 
quality. In addition to fish farming, the contractor also raised 
more than 4000 ducks. Three parcels of land, totaling 2.13 ha in 
area, had also be contracted to individuals for the cultivation of 
citrus fruits. In addition to the provision of land, the Institute 
also contributed seven yuan for each tree planted paid over a 
period of the first three years when no return was expected. In the 
fourth year, any gross return from the produce would be divided 
between the Institute and the contractor according to the ratio of 
3:7 to be adjusted annually to an ultimate ratio of 5:5 from the 
sixth year on. The proceeds from these contracted fish ponds and 
farms all go back to the Institute for other works. 
Most of the work described above was undertaken by the staff 
and occasionally labourers contracted by the Forestry Institute 
although the benefits of the project extends beyond the boundary of 
the Institute to the nearby Dafangdong Village which is within the 
larger Shenchong Basin under the administration of the Forestry 
I n s t i t u t e . The people at the Dafangdong V i l l a g e (production 
brigade) cultivate mainly rice (Photo 6.3) and they have not been 
asked to contribute labour or money for the rehabilitation project 
in the upstream area. 
6.3 LAND REHABILITATION AT LICHONG 
A fundamental difference between Shenchong and Lichong is that 
in the former, it is a case of the Forestry Institute creating an 
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Photo 6.4 An Overview of Lichong Basin 
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external benefit for an nearby downstream settlement (Dafangdong), 
and in the latter, it is one in which two downstream villages, 
Shenggan and Xiecun, were asked to fix upstream problems. 
The land rehabilitation program at Lichong focused on a vast 
stretch of alluvial land formed behind the large check dam built 
across the Lichong stream in 1962 to protect the downstream farm 
lands at Shenggan and Xiecun about 2 km away. Local villagers 
recalled that thousands of people were mobilized to take part in 
this grand project but very little thought was then given to 
r e v e g e t a t i n g the severely eroded h i l l s . W i t h o u t a d e q u a t e 
complementary measures to check erosion, the 5 m high and 200 m 
wide dam proved to be very short-lived and was filled up in 20 
years. 
The realization that the dam had almost come to the end of its 
service life prompted the people at Shenggan and Xiecun to consider 
measures that would deal with the root rather than the symptoms of 
the problem. As in the case of Shenchong, a land rehabilitation 
program integrated with hillside erosion control was initiated. 
The rehabilitation measures used in Lichong (Table 6.1) were 
similar to those adopted in Shenchong, the major differences were 
only in the spatial extent of reclamation and in the source of 
funding. Unlike the Shenchong project which was heavily subsidized 
by the state, the Lichong project is essentially a community 
project with relatively little financial contributions from the 
provincial and county governments. 
The field survey for this study was undertaken in 1988, a year 
after the inception of the land rehabilitation program (Fig. 6.1 & 
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Figure 6.1 Land Rehabitative Measures at Lichong 
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Photo 6.4). The transformation to the landscape appeared 
remarkable. The once derelict alluvial land is now surrounded by a 
ring of drainage ditches around the foothill and dissected by a 
rectangular network of drainage ditches. The main ditches are 2m 
wide 0.6 m deep (Photo 6.5) • Twelve large check dams were built 
across streams and 75 smaller ones across gully mouths (Photo 6.6). 
40 ha of bottom land had been reclaimed out of which 58% had been 
used for cultivation of citrus fruits (Photo 6.7). Within the 
basin, 646 ha of denuded hills was declared 'semi-closed' within 
which trees were planted in 20% of the area. 
Such an ambitious project demanded a very substantial input of 
money and labour resources. Apart from the provision of heavy 
equipment for land formation, the provincial government did not 
contribute much by way of financial support. Planting of trees was 
the responsibility of the county government which employed contract 
labourers to do the job. The rest was paid for by the Shenggan and 
Xiecun village committees which covered all of the costs of 
reclaiming the alluvial bottomland and construction of check dams 
and drainage d i t c h e s . A large communal citrus fruit (Citrus 
reticulata) farm was established and each one who had contributed 
free labour to the rehabilitation project was given a share 
equivalent to the worth of seven citrus fruit plants. 
The remaining land was then contracted to about 200 households 
who chose also to cultivate citrus fruits. Since the citrus trees 
take at least three years to fruit, it is common for the 
contractors to cultivate, on an intercropping basis, peanuts, soy 
beans, cassava and green beans. Not only does this provide short 
term income to the farmers, the legume crops also help improve soil 
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Photo 6.5 Drainage Ditches in Lichong Basin 
Photo 6.6 Check Dam in Lichong Basin 
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Photo 6.7 Recently Planted Citrus Fruits in Alluvial 
Bottomland 
Photo 6,8 Sediments Accumulated Behind a Large Check 
Dam 
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fertility. To these contractors, the village committees provided 
the plant seedlings and fertilizer for the first three years. The 
proceeds from the first year would go entirely to the contractor. 
Thereafter, the gross income would be divided between the village 
committees and the contractors according to the following ratios: 
2:8 in the forth and sixth years, 3:7 in the seventh to fifteenth, 
and 4:6 in the years after. 
The people of these two villages were also given some land on 
the hillside for their own use (ziliushan). Such uplands are 
usually away from the severely eroded areas and are classified as 
‘semi-closed‘ . Each capita is given about 0.033 ha on the hillside 
in locations which are as close to his contracted land as possible. 
The people do not have all rights to use and derive benefits from 
such allowed land and could only harvest fern from the lower 10 m 
of their plot adjacent to the foot slope. On the remaining of the 
hillslope allocated, the people are encouraged to plant pine {Pinus 
massoniana), hemu {Schima superba), lisau {Castanopsls fissa) and 
yu gui {Cinnamomum cassia) , all broadleaf trees. The seedling were 
provided by the county government. Whilst the land 'owner' could 
pick up any fallen twigs and branches for domestic fuel, the resin 
derived from the pine trees and the wood and other forest products 
from the trees go to the county government and village committees 
respectively. 
The remaining hills not allocated to individuals are owned 
collectively by the village committees. Trees are planted in these 
areas for their role in checking erosion and for their economic 
value. Pine trees for example can yield resin and hemu and lisau 
wood for furniture. The bark and oil of Yu Gui are of medicinal 
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values. Some 1500 lychee trees {Litchi chinensis) were also planted 
and owned by the Shenggan village committee as a community orchard. 
6.4 ECOLOGICAL CONSIDERATIONS 
Rehabilitation can be considered as a reversal of an ecosystem 
under stress (Lugo, 1978). A simplified ecosystem with energy 
inputs and losses, primary production, respiration and nutrient 
cycling is shown in Fig. 6.2a. The possible stressors in an 
ecosystems are shown in Fig. 6.2b. The energy flow and nutrient 
cycles may be upset (1,2,4) or the plants removed (3) and the 
health of the people adversely affected. 
Rehabilitation is a reversal of the trend of a stressing 
ecosystem (Fig. 6.2c). The simplest rehabilitation activity is a 
ban on tree felling and vegetation removal activities (1). It can 
be complemented by revegetation of the denuded slopes (3) . The 
choice of species is an important determinant of the speed of 
recovery. Pine trees are planted in both Shenchong and Lichong 
because it thrives relatively well on poor acidic soils in the 
Deqing and provides economic return to the people in a matter of 
several years. However, it does not improve the soil properties and 
is prone to diseases. The other two commonly planted species, hemu 
and lisau, take much longer to establish, but do provide longer 
term economic return because of the commercial value of the wood 
for furniture. 
Man can also modify the energy flow (2) within a rehabilitated 
ecosystem by and biological and engineering measures. The plants in 
revegetated slopes and used as biological dams on gully floors help 
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reduce the velocity of surface flow and dissipate its erosive 
energy. Similarly, the large and small check dams built across 
streams and gullies respectively serve to slow down channel flows 
and provide an environment for sediments to settle. Drainage 
ditches also create a hydraulic gradient to facilitate water 
movement and hence provide an aerated hydrochemical environment so 
that the iron substances would not be dissolved. 
Land rehabilitation also takes the form of huge subsidies of 
energy, in the form of labour, and nutrient, in the form of 
fertilizers (4). Most of the engineering and biological measures 
adopted in the two study sites are labour intensive. Thousands of 
people have been mobilized to restructure the ecosytem. For the 
ecosytem to progress to the desired state, fertilizers, organic and 
inorganic, have been used in huge quantities to improve the 
survival rate of the tree seedling and increase the productivity of 
the agricultural fields. 
It does not imply that without these energy and nutrient 
s u b s i d i e s , the ecosystem may not sustain i t s e l f . A cursory 
examination of the work that has been done in these sites indicates 
that the ecosystem development can only slowly progress if left to 
its own. The nutrient subsidy at this stage is to ensure that it 
could recover at a much faster rate and along the right pathway. 
There are reasons to believe that the ecosystem may ultimately 
sustain itself with decreasing requirement for nutrient subsidy 
over time. First, the rehabilitation activities are undertaken both 
on the hillslopes and on the bottomlands. It is thus an integrated 
approach to ensure that the major components of the landscape are 
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taken care of. Secondly, both the trees and agricultural crops are 
chosen with a successional concept in mind (Table 6.2). For 
example, on the hillsides, the pine trees are pioneer species which 
are to be replaced later by other boradleaf species which could 
improve soil properties. On the alluvial bottomlands, the legumes 
are chosen the pioneer to enhance nitrogen fixation and improve 
soil fertility. 
One is however unsure of the resilience of the ecosystem to 
natural events of great magnitude such as floods and heavy 
rainstorms. Most of the engineering measures are only measures to 
buy time - time needed for the ecosystem to recover and to stand on 
its own without human subsidy. In a highly e r o s i v e e n e r g y 
environment like Deqing, large check dams across streams will be 
filled up some in a matter of one to two decades (Photo 6.8). 
Though they seldom fail, their utility would decrease with time as 
the flood retention volume gets smaller and smaller. Likewise, the 
small check dams used for gullies may fail and it has been 
estimated that the average service life is only five years. 
Furthermore, drainage ditches have to be maintained and dredged 
periodically. All these are labour intensive jobs. 
The only way to prolong the utility of these engineering 
measures and minimizing the risks arisen from failing check dams is 
to inspect and maintain such structures regularly and after heavy 
rainstorms. Again these tasks are very labour intensive. Mobilizing 
the public to engage in such jobs will test the ingenuity of the 
comraunity leaders. This significant tasks cannot be left to the 
individual or the market because the risks posed by failing check 




































































































































































































































































































































































dams or flooding are not spatially homogenous. In the rehabilitated 
alluvial bottomland, some areas immediately downstream of the check 
dams are much more vulnerable to floods, iron toxicity and dam 
failure (Photo 6.9). 
Maintenance of these structure requires forward planning and 
coordination. The present arrangement of requiring each contracted 
household to contribute 15 man-days of labour can partly alleviate 
the problem but is not the desirable solution because most of the 
labour, according to the Shenggan village committee, is available 
in the the winter season when the risks are the s m a l l e s t . 
Organizing the public to participate in projects which bring 
communal benefits is a pressing issue which has to be addressed 
under the current rural economic reform. 
6.5 AGRICULTURAL CONSIDERATIONS 
Productivity of any rehabilitated land is best evaluated in 
terms of its agricultural production. Whilst this approach is 
desirable, there are certain practical and conceptual problems. 
Practically, those data that are available are either too sketchy 
or not of a sufficiently long period of time for any trend in 
productivity to be depicted. Conceptually, it is difficult to 
decide whether any observed changes in productivity are results of 
the rehabilitation efforts or of the consequence of changes in the 
socio-economic milieu. It has to be reminded that as a result the 
peasants are now much more motivated under the current rural 
economic reform than they were in the commune era (Kueh, 1991; Ji & 
Wang, 1991). 
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As it was not possible to collect data for Lichong because of 
its short history, only the data of Shenchong are shown in Table 
6.3 from which it is evident that the 1987 agricultural data showed 
a significant improvement over the 1983 ones. The improvement was 
not only in term of the total yield which might have boosted by the 
increase in arable land but also in terms of per unit area yield 
which is more related to productivity changes. It could also be 
seen that the economy had also diversified with i n c r e a s i n g 
contributions from forestry and fish farming. It should however be 
noted that the per capita income of 588 Yuen for Shenchong was 
considered relatively low. 
As argued in Chapter 3, possible changes in agricultural 
productivity could also be inferred from the soil properties 
changes attributable to land rehabilitation. Though this approach 
is indirect, it has the advantage of being able to reflect any 
likely change in productivity independent of s o c i o - e c o n o m i c 
factors. 
Hence, an intensive soil sampling program was undertaken at 
Shenchong and Lichong to compare the properties of soils on 
u n d e v e l o p e d alluvial bottomland with those w h i c h had been 
cultivated with different crops for different number of years. 
6.5.1 Chemical Soil Properties 
Table 6.4 summaries the chemical properties of soils 
sampled at various land uses in Shenchong and Lichong (Fig. 6.3 七o 
6.10). The most notable features of the soils are acidity and 
nutrient deficiency. 
In tropical areas, a soil pH of less than 5.5 is generally 
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Figure 6.10 Soil pH Value in the Study Area 
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considered u n f a v o u r a b l e for crop cultivation because low pH may 
inhibit bacterial activity and limit the availability of 
nutrients of plants (FAO, 1984). Low pH may bring indirect 
adverse effects. Nitrogen fixing capacity of legumes is inhibited 
when soil pH is less than 5. Iron substances in the soils are more 
likely to be bought into solution in an acidic environment 
enhancing the toxicity effects of iron. High acidity may also 
hinder the development of the root systems. 
In Shenchong, only the peanut field cultivated for over 14 
years had an average pH greater than 5.5. The same can also be said 
for Lichong because it is only in the newly developed peanut fields 
that the pH is higher than the minimum guideline. Nitrogen and 
phosphorus are the two major plant nutrients in the soil. They 
exist in both organic and inorganic forms, and it is the latter 
form that is more readily available to crops (Mengel and Kirkby, 
1979; Nanjing Institute of Soils, 1978). 10 ppm available N and P 
are usually taken to be the limit of nutrient deficiency, and only 
19 and 15 out of the total of 142 samples were above this level. 
Potassium is also important for plant p h o t o s y n t h e s i s , 
carbohydrate translocation, and protein synthesis etc. (Foth, 
1984). Soils containing less than 60 ppm of potassium are usually 
considered potassium deficient and this level was exceeded in 14 of 
the 142 sites. 
Current cultivation practices on the alluvial bottomlands 
involve the use of significant quantities of organic and 
inorganic fertilizers and soil conditioners such as pond mud, 
ash of burnt grass, human and animal manure and lime. Whether 
such practice would have any effect on the nutrient content of the 
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soil was ascertained by contrasting the nutrient contents of 
different land treatment by the analysis of variance. 
In regard to pH, there is a significant change (PcO.Ol) 
in pH value after long periods of cultivation particularly with 
peanut. No significant change in the pH value in taro or cassava 
fields was observed, probably both were c u l t i v a t e d on sandy 
marginal lands which were more susceptible to leaching. 
As expected, soils cultivated for a long time also had 
significantly more nitrogen and phosphorus than those recently 
r e c l a i m e d . Although the differences are s t a t i s t i c a l l y 
significantly, the increase is small. Even on peanut fields that 
had been cultivated for 14 years, the available nitrogen is only 3-
5 times more than the non-cultivated one. What has been said 
about available nitrogen is also true of total nitrogen, available 
phosphorus and total phosphorus. These seem to suggest that the 
soil amelioration process is very slow indeed. 
On the contrary, there is a significant decrease in available 
potassium after cultivation. This is probably due to the fact that 
the classic sediment is rich in potassium, as the parent rock is 
granite, for which potassium can be gradually released by mineral 
breakdown. 
In regard to organic m a t t e r , fields w h i c h have been 
cultivated more than 3 years seem to have more organic matter 
than the recently reclaimed one. The reasons is obvious as the 
residual of the plants and the input of burnt grass and organic 
waste are the major sources of organic matter. 
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Comparison among the fields having the same crop but 
cultivated with different times was also conducted. The soil 
nutrient contents do not increase with citrus fruits cultivation. 
The differences between different types of crops but with the 
same time of cultivation is also examined. Available nitrogen in 
the peanut field is higher than that in taro and cassava field 
as peanut is legume capable of nitrogen fixing. 
In short, although it could be said that given a 
sufficiently long period of time, certain crops help to increase 
soil fertility, the soil amelioration process is so slow than even 
agter 14 years of cultivation, some fields are still deficient of 
the major nutrients. This is probably the result of the intense 
leaching process in a tropical environment. Results also reconfirm 
the earlier postulation that the nutrient cycling functions of the 
rehabilitated ecosystem could not be restored in just a few years 
and huge amount of nutrient subsidy is still r e q u i r e d for 
agricultural production. 
6.5.2 Physical Soil Property 
The particle size of the soil has significant effects on 
the porosity, permeability, soil moisture, air content and soil 
water flow of the soil. 
Table 6.5 shows the average percentage of grain size of the 
soil of different land uses (Fig. 6.11 to 6.14). Generally 
speaking, the soil in Shenchong can be classified as sandy 
whereas those in Lichong silty clay. Soils which are too sandy 
or too clayey are not favourable for agriculture. 
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Table 6.5 Grain Size Distribution of Each Sampling Site 
SAMPLE SITE CLAY SILT SAND GRAVEL TTL 
SH-Uncultivated 6.12 4.90 65.33 23.65 100.00 
Alluvial Fan 
SH-Seedlings 16.11 14.12 52.98 16.78 99.99 
Year 1 
SH-Seedlings 6.09 5.23 62.44 26.32 100.08 
Year 3 
SH-Citrus Fruits 18.58 14.04 51.34 16.04 100.00 
Year 4 
SH Peanuts 6.38 6.06 59.25 28.31 100.00 
Year 14 
SH-Cassava 17.82 26.34 40.57 15.45 100.18 
Year 14 
SH-Taro 11.07 14.40 52.80 23.05 101.32 
Year 14 
LC-Uncultivated 31.69 57.98 10.33 0.00 100.00 
Wetlands 
LC-Citrus Only 19.61 43.50 33.03 3.87 100.01 
Year 1 
LC-Citrus & Peanuts 21.70 55.36 22.70 0.25 100.01 
(Wetland) Year 1 
LC-Citrus & Peanuts 6.49 9.27 59.13 25.11 100.00 
(Alluvial Fan) Year 1 
SH = Shenchong; LC = Lichong 
(ALL UNITS IN %) 
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With the exception of the peanut field, fields which had 
been cultivated more than 3 years tend to have more clay and silt 
than the n o n - c u l t i v a t e d ones. 
In Lichong, cultivation can change the particle size 
significantly, all the fields that have been cultivated for 1 years 
have less clay or silt than those not cultivated. 
To sum up, results seem to suggest that the particle size 
attributes may improve with cultivation. However, this trend can 
be coincidental because the non-cultivated fields used as the 
control might have been rejected by the farmers because the soils 
are too sandy or clayey. 
Another important attribute of the soil is its infiltration 
rate which ranges from 800 mm per minute for a sandy soil to only 
20 mm per minute in clayey soil (Winter 1978). High infiltration 
rates found in sandy soils favour rapid leaching of the nutrients 
and fertilizer added. Conversely, low infiltration rates impedes 
water movement and induces water logging. 
Table 6.6 shows the infiltration rate of various land uses 
(Fig. 6.15 to 6.18) . Comparison of the c u l t i v a t e d and non-
cultivated fields does not indicate any significant change in 
infiltration rate. Although the infiltration rate of cassava field 
is significantly higher than field devoted to other crops, the 
difference might have arisen from the fact that cassava was planted 
on the very marginal lands not suitable for other crops which are 
sandy. 
To sum u p , the current a g r i c u l t u r a l p r a c t i c e s do not 
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Table 6.6 Infiltration Rate of Various Sample Points 
I “ — 1 
I STEADY 5 MIN 15 MIN TIME | 
j sample s i t e (cm/min) (cm/min) (cm/min) (mfn.) | 
I SH-Uncultivated 0.23 0.66 0,04 122.10 
I Alluvial Fan 
SH-Seedlings 0.64 1.20 0.08 24 72 
I Year 1 
I SH-Seedlings 1.17 2.02 0.14 15 52 
I Year 3 
SH-Citrus Fruits 0.72 1.10 0.08 31 18 
I Year 4 
I SH Peanuts 1.50 2.50 0,15 7 46 
I Year 14 • 
SH-Cassava 0.88 1.46 0.11 35 94 
I Year 14 “ 
！ • •71 1.23 0.09 20.86 
I Year 14 
j LC-Uncultivated 。丨15 �.65 �. ( B 51.40 
I Wetlands 
！ ；;C-C丨"trus only 0.28 0,87 0.05 49.00 
I Year 1 
I ；：[；-^itr二s & Peanuts 0.15 0.51 0.02 160.20 
I (Wetland) Year 1 
I & Peanuts 0.25 1.46 。.05 46.94 
I (Alluvial Fan) Year 1 
I LC-Uncultivated 0.36 。.75 0.05 40.04 
I AUuvial Fan 
I 0.00 0.32 0.01 0.00 | 
I I 
SH = Shenchong; LC = Lichong 
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1 4 2 
significantly alter the soil chemical and physical properties. The 
improvements in nutrient levels and particle size are marginal. No 
significant change in infiltration rate could be depicted. Given 
the general poor soil conditions, substantial nutrient subsidy is 
still required, 
6•6 Economic Considerations 
This section examines the land rehabilitation programs at 
Shenchong and Lichong in the light of results of the theoretical 
analysis of erosion control measures undertaken in Chapter 5. It 
attempts to address the following questions: (1) whether the most 
cost-effective measures as identified in Chapter 5 have been 
adopted? (2) To what extent have the hillside erosion control 
m e a s u r e s been subsidized by agricultural d e v e l o p m e n t in the 
bottomlands? (3) Are the programs currently undertaken sustainable 
without outside financial subsidies? and (4) How are the costs and 
benefits being distributed? 
The evaluation exercise is undertaken in the cost-benefit 
analysis framework described in chapters 4 and 5. It differs from 
the work undertaken in Chapter 5 in that the present exercise 
attempts to consider both the hillside erosion control measures as 
well as the bottomland reclamation and redevelopment activities. 
A major difficulty of undertaking such an evaluation is the 
difference in the stage of rehabilitation in the two study sites. 
The Shenchong project was initiated in 1983 and most of the targets 
set at that time had been achieved. At the time this study was 
undertaken, the work at Lichong was still at the very initial stage 
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with lots of tasks to be completed. To facilitate comparison and 
analysis, the present exercise was based on the estimation of costs 
and benefits as if the rehabilitation activities were undertaken in 
1988 using the price then prevailing and also as if all the targets 
set out had been completed. This is thus not an analysis of what 
had actually taken place, but rather an evaluation of what would 
have taken place had the two programs been undertaken at the same 
time. 
The equations for estimating the costs and benefits are given 
in Chapter 3. The economic data used were derived from results of 
the social interview undertaken in 1988 and are same as those used 
in Chapter 5. Similar to Chapter 5, a discount rate of 10% per yr. 
and a project life of 20 years were assumed. The results are 
expressed in Yuen, the local currency, on a per unit area (ha) 
basis. 
6.6.1 Costs and Benefits of Rehabilitation Activities 
The nine major rehabilitation activities are listed in Table 
6.7 which also shows the costs and benefits of the two projects 
assuming that all targets had been fulfilled. 
Comparing the rehabilitation activities with the cost-
effectiveness of different erosion control measures (Table 5.5), it 
could be seen that both Shenchong and Lichong have adopted the more 
cost-effectives measures. The semi-closure of the hills in Lichong 
and the complete closure in Shenchong are the top two cost-
effective measures depicted in the table. Other moderately cost-
effective measures such as the construction of large and small 
check dams and the planting of trees have also been implemented. 


























































































































































































































































































































































































































































































































































































































































































































































































































































Therefore, according to the criterion of c o s t - e f f e c t i v e n e s s , the 
erosion control measures adopted are appropriate. The only concern 
is, as exemplified in the conclusion of Chapter 5, that the more 
cost-effective measures are also those which bring very little 
private benefits. Motivation of the people to engage in such work 
remains an outstanding problem. 
With regard to the reclamation and redevelopment measures, it 
could be seen from Table 6.7 that they are the major sources of 
revenue to finance the upslope erosion control measures. This 
r e a f f i r m s the necessity for an integrated and c o m p r e h e n s i v e 
approach to basin rehabilitation and management. Among the various 
t y p e s of land u s e s , the economic return of fish f a r m i n g is 
remarkably higher than that of the cultivation of citrus fruits 
albeit the latter is much more popular. At the time of the study, 
there was not even a single fish pond in Lichong although there 
were vast stretches of unused wetlands suitable for this purpose. 
There are obvious advantage of promoting fish farming in the 
study a r e a . The relatively high economic r e t u r n is a m a j o r 
consideration. From the viewpoint of energy and nutrient input to 
the rehabilitated ecosystem, a combination of arable lands and fish 
ponds is desirable because the land can be put to different uses 
according to its particular requirements. Such a system also 
facilitates the transfer of nutrients, in the form of pond mud, and 
water between the ponds and the surrounding agricultural lands. 
6.6.2 Sustainabilitv of the Rehabilitation Programs 
Table 6.7 gives a summary on the net benefits of both 
projects and the detailed calculations are given in Appendix 3 and 
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4. From the table, it seems that the Shenchong project is not 
economically viable, with a total of 262,925 Yuen loss over the 
project life time. Two reasons could be advanced to account for 
the loss. Firstly, as an experimental site, the main objective 
of the Shenchong project is the provision of a research base and 
the dissemination of information. The drive for economic return 
should not be its prime concern. Some a c t i v i t i e s c u r r e n t l y 
undertaken by the Forestry Institute, eg. the provision of a 
seedling nursery, are indispensable services which may not bring 
significant return. 
Although the need for such an Institute is obvious, the recent 
changes in government's economic policy has put the Institute in a 
financially tight situation. The Institute is under strong pressure 
to become self-sufficient and raising sufficient fund to keep the 
project going is a task that cannot be solved too easily. One 
p o s s i b l e solution is to re-designate the hills w i t h i n its 
jurisdiction an semi-closed area once trees have attained a certain 
height (eg. 2 m) and the ground cover has fully re-established. The 
present opportunity cost of closing the hills to both man and 
animal is too large. The adoption of a more flexible approach 
admittedly demand some political will because the Institute is a 
show window of the Deqing government and it is often presumed that 
only the best, ie. 'closed' hills free, can be shown. 
It should also be noted that although the Shenchong project is 
not financially viable, some unmeasured social benefits have not 
been taken into account and should not be overlooked. The benefits 
of having a seedling nursery has been mentioned and external 
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benefits created by the project to the downstream settlements are 
also of equal importance. 
The net benefits of the Lichong project shown in Table 6.7 are 
significantly higher than that of Shenchong. There are several 
reasons why Lichong is more profitable. The most significant one 
is that there are 6 times more reclaimed land in Lichong than in 
Shenchong. Since agriculture is the major revenue generator, the 
larger the arable land area, the greater is the r e t u r n . 
Furthermore, hills in Shenchong are currently closed, whereas those 
in Lichong are open for the collection of fern, twigs, resin and 
possibly also wood in a decade or two. 
6.6.3 Distribution of Costs and Benefits over Time 
F i g . 6.19 and 6.20 show the d i s t r i b u t i o n of d i f f e r e n t 
components of costs and benefits in both sites over the 20 year 
period. 
The results show that except for the initial phase, the 
distribution of net benefits is fairly uniform and there is not any 
particular time after the first 4 years, that loans from outside 
are required. This is achieved by the rehabilitation strategy 
adopted. The current strategy, by design rather than by accident, 
phases the ecological succession (Table 6.2) in such a way that 
different components of the agro-ecosystem bring r e t u r n s at 
different times, bestowing a greater degree of independence and 
stability to the system. 
As is common to most other large scale projects, the first few 
years is financially the most critical when the costs exceed 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































benefits by several orders of magniture (Fig. 6.19 & 6.20). Of the 
two projects, Shenchong is the more critical (Fig. 6.20) and 
Lichong is the one which has a more favourable cost:benefit ratio 
which is also achieved e a r l i e r . The early a c h i e v e m e n t of a 
favourable cost:benefit ratio is very significant t h e s e days 
because under the current rural economic reform, there have to be 
early tangible benefits so that the motivation of the people can be 
maintained. It is also in the initial phase of the rehabilitation 
program that the risks are higher. 
6.7 INSTITUTIONAL CONSIDERATIONS 
Sections 6.3 to 6.6 have highlighted some outstanding problems 
related to the rehabilitation of Shenchong and Lichong. Given the 
r e l a t i v e l y slow speed with which natural and a g r i c u l t u r a l 
ecosystems recover, there is no quick fix to severely degraded 
systems. Engineering actions are no more than stop-gap measures 
which buy time for vegetation to re-establish and plant sucession 
to progress. The newly rehabilitated lands requires huge human 
input in the form of nutrient subsidy and labour input for the care 
and m a i n t e n a n c e of engineering s t r u c t u r e s . The q u e s t i o n is 
therefore not only whether the agroecosystem is recovering along 
the right path, but rather human motivation can be sustained and 
under which institutional framework it can be maintained. 
An appropriate institutional arrangement is r e q u i r e d to 
resolve some of the outstanding issues outlined in section 6.3 to 
6.6. These issues include the uneven distribution of costs and 
benefits between upland erosion control and lowland rehabilitative 
development, the uneven distribution of risk among participants of 
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the rehabilitation projects, and the paradox of the need to rely on 
private gain to motivate the mass to participate in a project which 
is meant for the good of the whole community. All these may create 
conflicts which can only be resolved given an a p p r o p r i a t e 
institutional set-up. 
The following sections will first outline the recent 
institutional changes in rural China following the recent rural 
economic reform, contrasts the institutional set-up in Shenchong 
and Lichong and discusses how land use planning, allocation of 
costs and benefits, risk management and motivation are being 
handled in the two case studies. 
6.7.1 Rural Economic Reform 
1979 is a great division line of the agricultural policy in 
China. Previously, the collective or commune system was adopted 
and after then, the responsibility system was introduced. Under 
the new system, production planning is decentralized and fewer 
targets have been set, resulting in significance increase in the 
freedom of production team or individual household in agricultural 
production (Kueh 1984). The economic reform has not only 
increased the incentive of the peasant, but also made people more 
economically minded. Most things now follow the economic rule and 
actions are taken only when there are some expected benefits, 
especially in financial and monetary term. 
The economic reform has far reaching s o c i o - p o l i t i c a l 
ramifications, significantly weakening the administration's ability 
in mobilizing the people to engage in large scale soil conservancy 
and land rehabilitation works. During the era of the people's 
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commune, environmental protection, waste minimization and erosion 
control were being carried out by large scale mobilization of 
human labour (Hall 1977). People are now less responsive to 
political exhortation and only economic incentive can now 
motivate the public to participate in soil erosion control 
projects, There have to be ways of mobilizing the people for 
undertaking projects that will benefit the public whilst at the 
same providing adequate incentives for the individuals. Resolution 
of this dilemma lies in the identification of an appropriate 
incentive system provided by an institutional set-up that may also 
address problems highlighted in sections 6.4 to 6.6. 
6.7.2 Institution Set-up of the Two Brigades 
Since the Shenchong Forestry Institute is state owned, it runs 
as a collective largely following the directives promulgated by the 
government. It receives money provided by the state which assumes 
responsibility, in the case of the rehabilitation project, for the 
engineering structures, tree planting on the hillside and their 
subsequent maintenance. Direct financial contributions from members 
of the Institute was minimal. On the contrary, they had to bear the 
hidden cost of not being permitted to harvest the fern for fuel and 
of not receiving renumerations comparable to those of the Lichong 
participants. 
The Institute had however a greater say in the planning and 
implementation of the project so that a greater variety of cash 
crops were cultivated and there is a more rational land uses mix 
(eg. arable land intermingled with fish ponds). 
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On the contrary, the private sector in Lichong had to shoulder 
most of the cost of the project. Costs for erosion control 
measures and their subsequent maintenance were largely the 
brigade and its members‘ responsibility. It is a community project 
by nature whereby its participants are rewarded by receiving a 
small share of the communal farm land devoted to citrus fruits and 
the right to 'own' a small piece of land on the hillside for 
harvesting fern for fuel. 
6.7.3 Distribution of Costs and Benefits 
An issue in land management is conflict of on-site and off-
site costs and benefits. In the rehabilitation of degraded lands, 
the distribution of costs and benefits are very uneven 一 costs are 
concentrated on the uplands whilst benefits are concentrated on the 
lowlands. These conflicts cannot be resolved by the market forces 
as private individuals usually have quite a high rate of discount 
when considering investment o p t i o n s . T h u s , any l o n g - t e r m 
i n v e s t m e n t , such as tree p l a n t i n g , may seem f i n a n c i a l l y 
unattractive to the individual. Unfortunately, as discussed in 
Chapter 5, these unattractive measures are also erosion control 
measures that are more cost-effective. 
The conflict is apparently less notable in Shenchong than in 
Lichong because the former is a state project. In Lichong, the 
conflict is partly resolved by the provision of land rights for 
those who took part the rehabilitation program. This is consonant 
with the land management principle of 'whoever pays also gains' 
promulgated by the government. 
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6.7.4 Risk Management 
AgroeCOsystems in newly rehabilitated lands are innately 
unstable and fragile. They are particularly vulnerable to climatic 
v a r i a t i o n s , failure of erosion control structures and m a r k e t 
fluctuations. If any rehabilitation project is to succeed, it has 
to minimize the risk and uncertainty imposed on those who take part 
in the project. 
There are three mechanisms to cope with risks 一 avoidance, 
sharing and pooling • Avoidance refers to judicious land use 
planning which minimize risks by locating agricultural activities 
in less hazardous areas. Risks can also be shared by spreading any 
loss among members of the community. R e s o u r c e s of d i f f e r e n t 
rehabilitation programs can also be pooled so that if some projects 
fail while other succeed, the risk burden on individuals can be 
kept to a minimum. 
The hazardousness of these risks are not uniform in space 
(within the catchment) and time. There have to be means by which 
such risks are shared among individuals (risk spreading) or are 
pooled together (many projects 一 some work, some fail). 
On the whole, the risks are better managed in Shenchong than 
in Lichong. Unlike Lichong where the land use is virtually under a 
very limited number of crops, the land in Shenchong was put to 
different uses according to soil and hydrological conditions. The 
greater variety of crops in Shenchong results in a more stable 
economy which is less susceptible to fluctuations in commodity 
prices. The reliance on citrus fruits in Lichong is dangerous 
because the same citrus crop is cultivated in other rehabilitation 
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programs throughout the County. In the case of over-supply, the 
market will be severely depressed. 
Being a state-owned venture, the risks in Shenchong are 
spreaded among members of the Institute. In terms of risk-sharing, 
Lichong is severely handicapped by its institutional framework. 
Though there is a certain degree of risk-sharing in the cultivation 
of citrus fruits and lychee trees, significant risks had to be 
borne by those who contracted farm land from the village committee. 
Should such risks occur, the motivation and commitment of these 
‘land developers‘ would be significantly undermined. 
Shenchong has also an edge over Lichong in terms of risk 
pooling. Being a state venture, Shenchong can externalize its risks 
by having the state to come to its rescue should a very substantial 
loss occur. 
6.7.5 Land Use Planning 
It has been mentioned above that land use in Lichong suffers 
appreciably the rigidity in land use planning necessitated by the 
need to treat every participants in the project 'equal‘. Thus, 
every one of those who contributed free labour was given a share of 
the communal citrus field. Given the large number of labourers 
involved, a large tract of land located next to the large check dam 
at the outlet of the Lichong Basin was designated as the communal 
farm growing one single cash crop _ citrus f r u i t . The 200 
households which contracted land for their own development were 
given land much further upstream and closer to erosion source areas 
which are more hazardous. The end result is the allocation of the 
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less hazardous land for communal use and the more hazardous land 
for individuals. In terms of risk management, the allocation should 
be reversed so that in the absence of risk-sharing mechanism the 
risks of the individuals are minimized. 
The land use in Lichong is also not optimal. As mentioned 
before, it is virtually a monocrop system with citrus trees grown 
almost everywhere regardless of the soil conditions and water 
regime. No attempt has been made to utilize the wetter areas for 
the more rewarding fish farming p r a c t i c e . The r e s u l t a n t 
agroecosystem is thus almost a monoculture which is very vulnerable 
to market fluctuations. 
6,7.6 Motivation 
Both rehabilitation programs are on-going p r o j e c t s w h i c h 
require labour input to attend to and maintain the trees and 
engineering structures. Motivating the people is thus an important 
task. 
At the time of study, the people in Shenchong and Lichong were 
generally fairly motivated in undertaking the r e h a b i l i t a t i o n 
program. Conventional wisdom suggest that the poor peasants are not 
receptive to changes but this is not the case of Deqing. This is 
because land degradation is already so devastating that whatever 
the people do, they cannot be worse off. 
In most rehabilitation projects, the people are motivated by 
either political exhortation or economic i n c e n t i v e . Both are 
transient forces which have little long lasting effects. Commitment 
and dedication to land rehabilitation programs require attitude 
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change and behavioural modification induced by frequent information 
feedback and positive reinforcement. 
Comparing the two projects, it seems that the people at 
Lichong were more motivated than those of Shenchong. Whilst most of 
the staff of the Forestry Institute, under the able leadership of 
the Director, are fairly dedicated to their course, a handful of 
the staff are less enthusiastic because their income was relatively 
lower than that of nearby production brigades (Table 2.2). Keeping 
and motivating these people has become one of the more pressing 
tasks. The Institute Director has in fact been working very hard to 
look for means of increasing the fringe benefits of his staff to 
top up the relatively low wages stipulated by the government. These 
measures include free housing, allocation of small pieces of land 
for staff members' own disposal and permission to keep pigs or 
poultry as their own side—line business. 
There is another difference between Shenchong and Lichong in 
term of the motivating force. In Shenchong, combating erosion is 
the job the staff members were paid to do so and the extra benefits 
given were regarded as part of their wage rather than an incentive 
for their participation. In Lichong, the people were rewarded 
financially for the extra work they c o n t r i b u t e d to the 
rehabilitation program. It was something in addition to their 
normal activities at Shenggan Village. The people in Lichong were 
more motivated also because the project was regarded as their, a 
community undertaking initiated by the village as opposed to a 
directive originated from the central government. In other words, 
it is a bottom-up rather than top-down venture. 
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6.7.7 The Search for Solution 
It has often been argued that tackling these problems requires 
heavy state intervention, which is not in line with the current 
decentralization disposition ingrained in the recent rural economic 
reform. Few people in China would prefer a return to the era of the 
people's commune. Given this constraint, something could still be 
done to perfect the existing programs undertaken at Shenchong and 
Lichong. 
The first issue to address is the v e r y m a r g i n a l cost-
effectiveness of the Shenchong project. This could be remedied by 
maximizing use of the use of alluvial bottomlands which is the 
major revenue generator. There is in fact plenty of scope of 
extension of the reclamation activity and the only constraint is 
the lack of funding and labour. The problem could be resolved by 
c o n t r a c t i n g more such land to o u t s i d e r s . E x t e n s i o n of t h e 
reclamation activity should however proceed with careful land use 
evaluation and planning because further extension would bring 
agricultural activities onto more marginal lands where the risks 
are accordingly higher. 
With regard to land use planning, there is certainly some 
scope for improvement. As afore - mentioned, land use in Lichong 
should be diversified and the development of fish ponds should be 
encouraged. Again, such activities should be left to the contracted 
farmers so as to reduce the financial burden of the village 
C O 圓 i t t e e . However, land use planning would have to be undertaken 
by the village committee with input from the County government and 
experts. 
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The introduction of an institutional arrangement to facilitate 
risk-sharing should be encouraged in D e q i n g . Some degree of 
institutional coordination and incentive is necessary to facilitate 
coordination among agencies, administrative political units and 
local communities across similar resource systems. This could be 
achieved by establishing a central organization at the county level 
to coordinate land rehabilitation programs, disseminate information 
about the rehabilitation techniques and type of crops to be 
cultivated and to provide relief funds in case of n a t u r a l 
calamities. 
There should also be clear indications of the obligations and 
responsibility of the various levels of government and local 
communities. Given the problems that have been highlighted, it 
would be ideal if the central government could make necessary 
adjustment to the price structure of agricultural produce so that 
sufficient economic return and incentives are provided for the 
small farmers. The provincial government should subsidize spending 
on engineering structures and tree planting, as the benefits of 
land rehabilitation often extend beyond the county boundaries; and 
county governments should provide expert advice on land use, market 
information and institute mechanisms for risk-sharing. 
At Shenchong, the most pressing issue is motivating its staff 
and rewarding them for their contribution to the rehabilitation 
program. There is no better way then re-opening some of the hills 
when the trees have attained a certain height so that they could 
harvest the biomass for domestic fuel use. Not only is this an 
economic incentive, it is also an information feedback concerning 
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the beneficial effects of what they have earlier done. Furthermore, 
any land rehabilitation program should not just combat erosion, it 
should address the basic needs and problems of those who 
participate. 
Lastly, an explicit policy regarding obligations and rights of 
those who participate in rehabilitation projects should be made 
known to the people. If the individual has an unambiguous right to 
the trees he planted and to the lands on the hillside, he could be 
said to have realised the present value of some distant future 
benefits. Conversely, if the government changes or reverse her 
policies frequently, the people will naturally have a high discount 
rate, limited time horizon, and are less hesitant to trade future 





In this research, the primary objectives were to assess the 
extent of land degradation in Deqing County, to evaluate the 
effectiveness of the land rehabilitation programs undertaken at two 
production brigades and to recommend strategies which will minimize 
soil erosion and maximize land productivity. 
Deqing is a relatively remote, undulating and poor region in 
the Guangdong Province of south China. Poorly endowed with natural 
resources and lacking of adequate opportunities to earn a living, 
the poor households have been caught in a poverty trap that induces 
them to overexploit existing resources just to survive. The hills 
have been widely deforested leading to a w i d e r a n g e of 
environmental problems. 
The dominant control on soil erosion in Deqing County is the 
underlying geological conditions, namely w e a t h e r e d m a t e r i a l 
properties and jointing; climate in as much as it affects the 
t e m p e r a t u r e and rainfall characteristics; and d e n s i t y of the 
vegetation cover. Erosion severity was substantially aggravated by 
human activities especially vegetation d i s t u r b a n c e s such as 
firewood collection and clearing of slopeland for cultivation. 
Among the range of erosion processes observed, gully erosion 
is dominant in the study area. Typically, erosion starts with 
surface processes (sheet and rill erosion) which produce on bare 
surfaces 1-5 and 5-7 mm of ground lowering per year respectively. 
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When rill erosion dissects the hillside, the side-slopes become 
unstable and failure of side-slopes leads to d e v e l o p m e n t of 
gullies. Coarse sediments derived from gullies accumulate as 
alluvial fans at the point from gullies issue from the hillside to 
the valley. The presence of these fans concentrate iron-enriched 
subsurface water and leads to the development of iron toxicity 
problems in wetlands located in the inter-fan and distal end of fan 
areas. 
Land productivity is reduced both by nutrient loss on the 
side-slopes and intensive leaching on the alluvial bottom land. 
Similar to soil loss, nutrient loss varies with land use. Overall, 
the amount of nutrient loss is quite limited, given that the 
nutrient pool in the upland soils is small. However, due to high 
enrichment ratios, nutrients are in fact accumulating in the 
valleys. Unfortunately, because of the acidic conditions, many of 
the nutrients present are not available to crop growth. 
Results obtained by other researchers in an experimental sub-
catchment of the study area indicate that for sheet erosion, 
maintaining 50% fern cover will reduce erosion to 1%, provided that 
bare spots on the hillside are not overly concentrated. For rill 
erosion, maintaining vegetation in the rill channels can reduce 
erosion to 4%. Another study found that 21% of the total basin area 
which is severely affected by gully erosion yields 79% of the total 
sediment load. 
A cost-benefit analysis was undertaken to e v a l u a t e the 
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effectiveness of various slope and gully erosion control measures. 
It was observed that those control measures which bring the highest 
net benefits also require higher costs. On slopes, the greatest 
reduction in soil erosion comes from replacing cropped slopes by 
sustained harvesting of fern. On the whole, growing fern on the 
hillslopes on a sustainable basis is the most desirable solution. 
Since approximately 79% of basin erosion is derived from 
gullies, it makes economic and ecological sense to give priority to 
gully erosion control. Building check dams or biological dams in 
gullies requires a very modest private or social cost yet it will 
drastically reduce erosion. 
A cost-effectiveness simulation model for multi-objective 
decision was developed using the socio-economic data collected from 
interviewing the village leaders and local f a r m e r s . R e s u l t s 
indicate the viability of several combinations of erosion control 
practices which would meet the objectives of minimizing erosion and 
maximizing land productivity. 
Soil conservation policy in China took a sharp turn in the 
early eighties. Previously, soil conservation was largely based on 
erosion control, but since the eighties, erosion control of the 
hill side was integrated with reclamation and redevelopment of the 
lowlands. This new approach was tried out in the Shenchong Basin 
under the direction of the local Forestry Institute and a similar 
program was undertaken in the nearby Lichong Basin under the 
'responsibility system' as a community project of the local 
village. 
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Both projects attempted to check erosion on the hillslopes and 
to reclaim and redevelop the alluvial bottomlands characterised by 
alluvial fans intermingling with pockets of wetlands. The major 
problems of redeveloping the bottom land are low soil fertility, 
poor soil structure and poor drainage and iron toxicity in certain 
locations. 
A number of engineering and biological measures had been 
undertaken in these two projects. The engineering measures, such 
the large and small check dams, are only stop-gap measures which 
buy time for the ecological succession in the rehabilitated system 
to progress. It was observed that ecosystem recovery was quite slow 
and the newly rehabilitated systems are both unstable and fragile, 
requiring huge amount of labour input and nutrient subsidy. 
An economic analysis of the two projects indicates that the 
top-down state-owned Shenchong project was only marginally cost-
effective whereas the bottom-up village-run Lichong project was 
much more profitable. Both projects are ecologically sound and the 
Lichong project in particular is economically sustainable. Some 
modification should be made to the Shenchong project to make it 
viable economically. 
These rehabilitative redevelopment projects have brought out 
some conflicts of interests and inadequacies of the existing 
institutional framework. These include the uneven distribution of 
cost and benefit over time and among uplands and lowlands; the high 
risks and uncertainty ingrained in the rehabilitated agroecosystem; 
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and the need, in the wake of the recent rural economic reform, to 
sustain human motivation. Resolution of these problems requires 
some adjustment to the institutional arrangement in which the 
decision-making is less of a top-down but more of a bottom-up 
mechanism. 
7.2 DISCUSSION 
Soil erosion has traditionally been regarded merely as a soil 
loss problem. This study has shown that it should be envisaged as a 
land degradation process which can drastically t r a n s f o r m the 
landscape, reduce its productivity and impart significant impacts 
on every aspect of the livelihood. Land degradation should be 
understood both in physical as well as socio-economic terms. Whilst 
a lot is known about the mechanism of erosion, very little is known 
about the socio-economic roots of the problem, economics of the 
rehabilitative programs, and the best institutional framework for 
undertaking such programs. 
The research has attempted to introduce a socio-economic 
dimension to the understanding of the land degradation problem. The 
value of this approach has been demonstrated in its ability to 
highlight the pros and cons, in economic terms, of various erosion 
control and rehabilitation strategies; to identify factors which 
may undermine the sustainability of the projects; and to make 
recommendations for improving the institutional arrangement to 
facilitate project implementation. 
It has also been argued in previous c h a p t e r s that 
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r e h a b i l i t a t i o n of stressed e c o s y s t e m should be h u m a n - o r l e n t e d 
rather than earth-centered. In as much as land degradation cannot 
be understood by merely measuring the physical processes, the 
success of the rehabilitation program should not be assessed soley 
by the number of trees planted and the area of derelict land 
reclaimed. The ultimate test of any project is whether or not the 
basic needs of the people are addressed and whether such projects 
can induce social metamorphosis capable of developing latent human 
capabilities so as to maximize the people's satisfaction as well as 
their contribution to the nation. 
The thesis has emphasized the poverty of Deqing relative to 
other parts of Guangdong Province. Deqing has therefore a more 
immediate dependence on their renewable resources than have the 
coastal regions in China. In the latter case, the dependency is 
still present, but the role of technology and the application of 
capital make the linkage more roundabout. Reversing the downward 
spiral of poverty-environmental degradation requires a critical 
analysis of the existing problems, a dissection of the programs 
already undertaken and the willingness to modify current practices 
and institutional framework in light of the research findings. 
There are several recurrent questions asked in this thesis. 
How can those living in the resource-poor, degraded and marginal 
environments be encouraged to reclaim derelict land and develop 
sustainable agroecosystems. How can the institutional arrangements 
be adjusted to enable the people to cope with the risk and 
uncertainty posed by the newly rehabilitated systems which are 
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inherently unstable and fragile? 
The preceding chapters have highlighted the major issues that 
requires attention if land rehabilitation programs are to succeed, 
namely that such programs should: 
- e m p h a s i s on prevention rather than cure; 
- f o c u s on loss of productivity rather than loss of soil； 
- i m p r o v e agriculture rather than just prevent soil loss； 
- a d d r e s s the basic needs of the people rather than restoring 
vegetation. 
Similar to many other research projects, the present study has 
raised more problems than it has a n s w e r e d . These should be 
addressed in future research. 
The most notable one is the refinement of the cost-benefit 
analysis method for a non-market economy. Since profitability is 
now the dominant driving force of any economic activities in China, 
there is no doubt that cost-benefit analysis is relevant, the 
outstanding issue is how the method can be adapted to a non-market 
economy. 
There is a general belief among Western economists that 
maximum economic efficiency in resource allocation can be attained 
only in a perfect market system. In such a system, market forces 
would set prices reflecting the value of resources used for 
production (Hufschmidt et al., 1983). Markets in centrally planned 
e c o n o m i c s , are however imperfect for a number of r e a s o n s . 
Government interventions through price controls, such as taxes and 
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subsidies, cause market prices to diverge from social prices. A 
tax on fertilizer for example will raise the true cost of 
fertilizer, while a subsidy will reduce it. Thus, subsidized 
prices do not correspond to true economic values, but to the 
imperfection of non-market systems. If these market imperfections 
are duly considered, the use of market prices may introduce a 
significant error into the economic analysis. 
To avoid these biases, shadow prices were used as far as 
possible in this research to to reflect the true costs and benefits 
of a project to society. The shadow price is the price that would 
prevail in the economy as if it were in perfect equilibrium under 
condition of perfect competition (Gittinger, 1982). These were 
obtained by adjusting, wherever necessary and practicable, actual 
market prices to social values, where markets are nonexistent. The 
refinement of the technique should merit further research by 
environmental economists. 
Another outstanding problem that has not been adequately 
resolved in this study is the identification of an appropriate 
institutional framework for undertaking rehabilitation programs in 
C h i n a . Such framework should be in line with the national 
bureaucratic structure and consonant with the recent economic 
reform. Under the current economic reform, motivating the mass to� 、�
take part in large scale community work is difficult. Moreover, 
the rural poor are reluctant to change their farming practices and 
current use of the resource base unless they have appropriate 
economic incentives to do so. 
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To design appropriate user incentives, the institutional 
arrangements for land ownership, rights of access, tenancy and 
social insurance must also be carefully analyzed as they are the 
major determinants of how costs and benefits are distributed and 
the local people can cope with risks and uncertainty. 
Without the appropriate arrangement, risks and uncertainty-
over livelihood can shorten the poor households‘ time of horizon in 
decision-making and make them less willing to change their farming 
practices and other economic activities if, in the short run, these 
changes are perceived as adding to the risk b u r d e n . Land 
rehabilitation projects therefore must not increase the risk and 
uncertainty faced by the resource-poor households. If they do, the 
rehabilitated agroforestry systems should have mechanisms by which 
the risks are shared and pooled. 
Furthermore, security of land tenure is a major factor 
determining the willingness of small farmers to investment in 
improved land management practices (Barbier, 1989). Farmers without 
the security are more interested in maximizing short-term 
investments in seed, fertilizer, and labour for the crop that is in 
the ground than in maximizing long-term yields by investing in soil 
and water conservancy. Further research into the institutional 
framework, decision-making mechanisms and incentive packages should 
be undertaken. 
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APPENDIX 1： EQUATIONS FOR THE EVALUATION OF COST-EFFECTIVENESS 
OF EROSION CONTROL MEASURES 
Equation 1 - to determine the private benefits foregone from not using the 
fern for fuel, and from not harvesting resin and timber 
F = (W - i) + (R - L) 
where F are benefits foregone of maintaining the slopes in fern and tree cover 
with no use permitted; W is the cost of alternative fuel (wood) which has an 
equivalent energy value to the fern that would have been harvested on a 
sustained yield basis had fern cutting been permitted; 1 is the shadow labour 
cost used to harvest fern for fuel; R is the market value of pine resin; and 
L are the labour costs associated with collecting the resin. 
Equation 2 - to determine terrace construction costs at time t(TCC^). 
Q' 
TCCt = PHLt * HLTC + PAL^ * ALTC + PMY^ * MYTC + ZPML^^ * MLTC 
q=l 
where HLTC = amount of human labour required to construct a terrace (h m'^)； 
AliTC = amount of animal labour required to construct a terrace (h m'^) ； MYTC 
= a m o u n t of machinery required to construct a terrace (h m"^)； MLTC = amount 
of material type q required to construct a terrace (kg m"^)； Q' = to召al number 
of materials required for construction of terraces; PHL. = cost of human 
labour at time t(¥ h"^) ; PAL. = cost of animal labour at time t (¥ h'^) ； PMY, 
= c o s t of machinery at time t(¥ h"'') ; and PML . = price of material q at time 
t (¥ kg" I) • qt 
Equation 3 - to determine terrace maintenance costs at any time t. 
Q' 
TMCt = PHLt * HLTM + PAL^ * ALTM + PMY^ * MYTM + ZPML * MLTC 
q=i q q 
= amount of human labour required to maintain a terrace per year 
(h ha ) ； ALTM = amount of animal labour required to maintain a terrace per 
year (h ha J ; MYTM = amount of machinery required to maintain a terrace per 
j^ear (h ha ); MLTC = amount of material type q required to maintain a 
terrace per year (kg^ ha"^) 
Equation 4� 一 to determine net crop revenues 
NCRjktp = [PCjt * CYjktp 一 PHL, * HLjk " PAL, * AL-^ 
M 
一 PS J. * S 一 E PF * F 1 * AP 
Jt jkp 心厂mt ^ jkmpJ ACjktp 
m=l ^ ^ 
f a r S ' ^ P i n ."LT^^on ^  ^^^ ？r叩 type j with conservation practice 
^ a t tim二 t in fi_eld p (¥)'• PC = price of crop type j at time t (¥ k g h ： 
？ 二 / 二 m( gZmu) of 7 0 P -令 P e j with conservation practice k at t i L t 
f^eld p; H L . j= amount of human labour required for crop type i with 
conse〒vat:L?n practice k (h ha.丨）；AL;!^  = amount of animal labour rerrn i rnd for-
crop t y p e〕 w i t h conservation practice k (h ha—h. PS - of I 
Z n V ^ ^ t ^ ‘ at time t kg"?^) ? s = arnou^ntVeed'^'^for 
conservation practice type k on field d r k o h^'U . a o 一 ， … 二 i , 7 
type 3 with conservation p r a c t L ^ f a ^ t i i ； t^'^Jf f ie^^d^^ ( h a ^ r PF 
cost of fertilizer type m at time t(¥ k a ' h • f 一 ^ ^ 4：� ,�/�‘ rnt 
m needed for crop t/品� j with conei'va?iJn ^ ^ t l c T T f n V i A ^ l ^ T ^ ^ ' ^ U 
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and m = total number of fertilizer types required for a given crop. 
Equation 5 - to determine net terrace benefits from agriculture 
P J P" J 
NTBAvt = S ^ NCRjktp 一 S 2 NCRj^tp" 
P=1 j = 1 P"=1 j = l 
where NTBA^^ = terrace net benefits from agricultural production on terrace 
V at time t (¥) ; P = total number of fields on terrace v; and P" = total 
number of fields on land prior to construction of terrace v. 
Equation 6 - to determine net terrace benefits 
L L 
NTBv = S [NTBAvt/ (1 + r)” - TV^ * TCC^ 一 Z [ TA^ * TMC^ / (1 + r )” 
t=1 ‘ t=1 
NTBv = Net terrace benefits for terrace v (¥) ； TV^ = volume of material 
moved to construct terrace v (m^) ; TA^ = surface area of terrace v(ha); and 
L = lifetime of terrace v.� 、 ” 
Equation 7 - to determine check dam construction costs 
Q 
DCCt = PHLt * HLDC + PAL^ * ALDC + PMY^ * MYDC + S PMLp^ * MLDC 
q=i 
DCC^ = check dam construction cost at time t (¥ m"^) ; HLDC = amount of 
human labour required to construct a check dam (h m"^) ALDC = amount of 
二二 M i o l a b。 u r required to construct a check dam (h m'^ ; MYDC = amount of 
二 Y t 二 r / r ^ u ^ r 二 d ； ： 。 c o n s t r u c t check dam (h r^'h ； and MLDC = amount of 
material type q needed to construct check dam (kg m'^). ^ 
Equation 8 - to determine check dam maintenance cost 
DMCt = PHLt * HLDM + PAL^ * ALDM + PMY, * MYDM + S PML * MLDC 
L qt q 
q=i 
where DMC = check dam maintenance cost at timp t tv h^'U . ut nx/ ^ ^ 
required for maintenancC/otf ( y ^ a j ^ H ^ 二 o一f�
amount of anxmal labour required to maintain check dam per year (h ha''^  ^ • MTOM 
二 L = u—n t of machinery time required to maintain check dan. per year (h h a ^ ^ ^ 
ha^ l'jq - amount of material type q required to maintain check dam per year (kg 
Equation 9 - to determine check dam benefits 
DBst = 2 2 NCRjktp 
P'=1 j=1 
at Site p . = 
J = total number of crops on a field lelds in check dam basin; and 
Equation 10 - to determine net check dam benefits 
1 8 0 • 
N N 
NDBg = S [DBg^/(l + r)t] - DV^ * DCC^ - Z (DA^ * DMC^/{1 + r) ^  ] 
t:=门 t=1 
where NDB^ = net check dam benefits at site s; n = number of years after 
construction finishes before crops can be planted on land in check dam basin; 
r = discount rate; DV^ = volume of check dam at site s(nr^); DA = area of 
check dam at site s (ha)； and N = check dam lifetime. ® 
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APPENDIX 2 
EQUATIONS USED IN THE MULTI-OBJECTIVE DECISION MODEL 
n m n t p 
Min Zi = E S C.. X.J. + X： S E C.,^  Y-,^  + Cg,^  (Eq. 11) 
i=1 j=1 1=1 s=1 k=1 
where Z^ = an objective function minimizing the costs of implementing soil 
erosion control measures; C " = is a decision variable indicating the hectares 
of control measure/land-use i implemented on geomorphic feature j ； C丨^ = an 
objective function coefficient defining the cost of implementing control 
measure/land use i implemented on geomorphic feature k; Y.. = a decision 
variable indicating the hectares of control measure/land-use i implemented on 
geomorphic feature k; C^ y^  = an objective function coefficient defining the 
cost of implementing control measure/land-use s on geomorphic feature k; i and 
s = are the types of erosion control measures/land-use found on slopes and in 
gullies, respectively; i = 1 n for the slope options, and s = 1....t for 
control measures in gullies; j = slopes, and j = 1....m; k = gullies, and k 
= 1 . . . . p. 
n m n-r+q p t p 
Max Z2 = E E S,.X.. + E 5： S.^ y.^ + S Ssk Wsk (Eq. 12) 
1 = 1 J=1 i=n-r k=1 s=l k=1 
where Zp = an objective function maximizing reduction in soil erosion; S . . = 
the reduction in soil erosion associated with implementation of control 
measure i on slope j; S.,^  = the reduction in soil erosion associated with 
implementation of control measure i on gully k; and S . = the reduction in 
soil erosion associated with implementation of control measure s on geomorphic 
feature k. 
The above are subject to constraints on the amount of land available, L. and 
Lk, for implementing control measure/land-use i on features j and k: ^ 
n 
S X.J Lj (Eq. 13) 
i = 1 
for j = 1...m 
n 
^ Yfk . … ( E q . 14) 
i=1 
for k = 1.. .p 
where, L- and L^ are the total amount of land available on features j and k. 
For non-negativity constraints: 
^fj 2 0 .... (Eq. 15) 
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Appendix 3 Cost Benefit Analysis of Shenchong Project 
A> SMALL CHECK DAMS 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFITS 
1 CONSTRUCTION 31800 (R1) 0 0.909 28909.09 0.00 -28909 
2 MAINTENACE 3180 (R2) 0 0.826 2628.10 0.00 -2628 
3 MAINTENACE 3180 0 0.751 2389.18 0.00 -2389 
A MAINTENACE 3180 0 0.683 2171.98 0.00 -2172 
5 MAINTENACE 3180 0 0.621 1974.53 0.00 -1975 
6 RECONSTRUCTION 31800 (R3) 0 0.564 17950.27 0.00 -17950 
7 MAINTENACE 3180 0 0.513 1631.84 0.00 -1632 
8 MAINTENACE 3180 0 0.467 1483.49 0.00 -1483 
9 MAINTENACE 3180 0 0.424 1348.63 0.00 -13A9 
10 MAINTENACE 3180 0 0.386 1226.03 0.00 -1226 
11 RECONSTRUCTION 31800 0 0.350 11U5.71 0.00 -11146 
12 MAINTENACE 3180 0 0.319 1013.25 0.00 -1013 
13 MAINTENACE 3180 0 0.290 921.13 0.00 -921 
14 MAINTENACE 3180 0 0.263 837.39 0.00 -837 
15 MAINTENACE 3180 0 0.239 761.27 0.00 -761 
16 RECONSTRUCTION 31800 0 0.218 6920.61 0.00 -6921 
17 MAINTENACE 3180 0 0.198 629.15 0.00 -629 
18 MAINTENACE 3180 0 0.180 571.95 0.00 -572 
19 MAINTENACE 3180 0 0.164 519.96 0.00 -520 
20 MAINTENACE 3180 0 0.149 472.69 0.00 -473 
TOTAL 85506 0 -85506 
REMARKS 
(R1) ： CONSTRUCTION COST = {[(NO. OF CHECK DAMS) X (VOL OF EARTH/CHECK DAM)] / 
(VOL OF EARTH MOVED/MAN DAY)) X (WAGE/MAN DAY) 
NO OF CHECK DAMS = 63 
VOL/CHECK DAMS = x 421 cubic metre/check dam 
Vol of earth need to move = 26500 cubic metre 
md/earth moved 0.2 md/cubic meter 
Total md needed : 5300 man days 
Wage/md = x 6 yuan/md 
Construction cost = 31800 yuan 
(R2) : Maintenance cost is approximate equal to 1/10 of the construction cost 
(R3) : Life expectancy of Check Dam is 5 years, so must rebuilt it every 5 years 
， 
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B> LARGE CHECK DAMS (SILT TRAP DAMS) 
DISCOUNT COST BENEFITS 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV〉 
1 CONSTTRUCTION 28800 (Rl) 0 0.909 26182 0 
2 MAINTENANCE 2880 (R2) 0 0.826 2380 0 
3 MAINTENANCE 2880 (R3) 0 0.751 216A 0 
4 MAINTENANCE 2880 0 0.683 1967 0 
5 MAINTENANCE 2880 0 0.621 1788 0 
6 MAINTENANCE 2880 0 0.564 1626 0 
7 MAINTENANCE 2880 0 0.513 1478 0 
8 MAINTENANCE 2880 0 0.467 1344 0 
9 MAINTENANCE 2880 0 0.A24 1221 0 
10 MAINTENANCE 2880 0 0.386 1110 0 
11 MAINTENANCE 2880 0 0.350 1009 0 
12 MAINTENANCE 2880 0 0.319 918 0 
13 MAINTENANCE 2880 0 0.290 834 0 
U MAINTENANCE 2880 0 0.263 758 0 
15 MAINTENANCE 2880 0 0.239 689 0 
16 MAINTENANCE 2880 0 0.218 627 0 
17 MAINTENANCE 2880 0 0.198 570 0 
18 MAINTENANCE 2880 0 0.180 518 0 
19 MAINTENANCE 2880 0 0.164 471 0 
20 MAINTENANCE 2880 0 0.149 428 0 
TOTAL A8083 0 
REMARKS 
(Rl) : CONSTRUCTION COST = C[(NO. OF LARGE CHECK DAMS) X (VOL OF EARTH/LARGE CHEC 
(VOL OF EARTH MOVED/MAN DAY)} X (WAGE/MAN DAY) 
NO OF LARGE CHECK DAMS = 4 
VOL/LARGE CHECK DAMS = x 6000 cubic metre 
Vol of earth need to move = 24000 cubic metre 
md/earth moved x 0.2 md/cubic metre 
Total md needed : 4800 man days 
Wage/md = x 6 yuan/md 
Construction cost = 28800 yuan 
(R2) : Maintenance cost is approximate equal to 1/10 of the construction cost 
(R3) : Life expectancy of Large Check Dam is more than 30 years, so no need to 
rebuilt a large check dam. 
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C> BENCHING 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFITS 
1 CONSTRUCTION 2400 (R1) 0 0.909 2182 0 -2182 
2 MAINTANCE 240 (R2) 0 0.826 198 0 -198 
3 MAINTANCE 240 (R3) 0 0.751 180 0 -180 
A MAINTANCE 240 0 0.683 164 0 -164 
5 MAINTANCE 240 0 0.621 149 0 -149 
6 MAINTANCE 240 0 0.564 135 0 -135 
7 MAINTANCE 240 0 0.513 123 0 -123 
8 MAINTANCE 240 0 0.467 112 0 -112 
9 MAINTANCE 240 0 0.424 102 0 -102 
10 MAINTANCE 240 0 0.386 93 0 -93 
11 MAINTANCE 240 0 0.350 84 0 -84 
12 MAINTANCE 240 0 0.319 76 0 -76 
13 MAINTANCE 240 0 0.290 70 0 -70 
14 MAINTANCE 240 0 0.263 63 0 -63 
15 MAINTANCE 240 0 0.239 57 0 -57 
16 MAINTANCE 240 0 0.218 52 0 -52 
17 MAINTANCE 240 0 0.198 A7 0 -47 
18 MAINTANCE 240 0 0.180 43 0 -43 
19 MAINTANCE 240 0 0.164 39 0 -39 
20 MAINTANCE 240 0 0.149 36 0 -36 
TOTAL A007 0 -4007 
REMARKS 
(Rl) ： BENCHING WAS CONSTRUCTED IN 2 GULLIES 
Vol of earth moved 2000 cubic meter 
md/earth moved x 0.2 md/cubic meter 
md used AOO md 
wage x 6 yuen/md 
Construction cost 2400 yuen 
(R2� : Maintenance cost is 1/10 of the Construction cost 
(R3) : Life expectancy is move than 30 yt, so no reconstruction is needed. 
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D> DITCHES 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFITS 
1 CONSTRUCTION 14400 (Rl) 0 0.909 13091 0 -13091 
2 MAINTENANCE U 4 0 (R2) 0 0.826 1190 0 -11 卯 
3 MAINTENANCE U 4 0 0 0.751 1082 0 -1082 
A MAINTENANCE U A O 0 0.683 984 0 -984 
5 MAINTENANCE U 4 0 0 0.621 894 0 -894 
6 MAINTENANCE 1A40 0 0.564 813 0 -813 
7 MAINTENANCE 1440 0 0.513 739 0 -739 
8 MAINTENANCE U A O 0 0.467 672 0 -672 
9 MAINTENANCE 1440 0 0.424 611 0 -611 
10 MAINTENANCE 1440 0 0.386 555 0 -555 
11 MAINTENANCE U 4 0 0 0.350 505 0 -505 
12 MAINTENANCE 1440 0 0.319 459 0 -459 
13 MAINTENANCE H 4 0 0 0.290 417 0 -417 
14 MAINTENANCE 1440 0 0.263 379 0 -379 
15 MAINTENANCE 1440 0 0.239 345 0 -345 
16 MAINTENANCE U 4 0 0 0.218. 313 0 -313 
17 MAINTENANCE 1440 0 0.198 285 0 -285 
18 MAINTENANCE 1440 0 0.180 259 0 -259 
19 MAINTENANCE 1440 0 0.164 235 0 -235 
20 MAINTENANCE U 4 0 0 0.149 214 0 -214 
TOTAL 24041 0 -24041 
REMARKS 
(Rl) : CONSTRUCTION COST = {[(LENGTH OF THE DITCHES) X (VOL OF EARTH MOVED/Km OF DITCH)]/ 
(VOL OF EARTH MOVED/MAN DAY)) X (WAGE/MAN DAY) 
Length of the ditches = 3.6 Km 
Earth need to move/Km = x 3333 cubic meter/km 
Vol of earth need to move = 12000 
md needed x 0.2 md/cubic meter 
Total md needed : 2400 
Wage/md = x 6 yuen/md 
Construction cost = 14400 
(R2) : MAINTENANCE IS EQUAL 1/10 OF THE CONSTRUCTION COST 
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F> PLANTING ON THE HILLSIDE (HALF OF THE HILL PLANTED PINE, 
AND HALF FOR DECIDUOUS) NET 
DISCOUNT COST BENEFITS BENEFITS 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) 
1 PLANTING 
SEEDLING 18990 (R1) 0 0.909 17264 0 -17264 
LABOR 126600 (R2) 0 0.909 115091 0 -115091 
16 Lumber 31650 791250 0.218 6888 172199 165311 
TOTAL 139243 172199 32957 
REMARKS 
(R1) : Seedling cost = 
Area of planted hillside = 141 ha 
No. of trees/mu = x 4500 plant/ha 
No. of seedling needed = 633000 plant 
Price of seedling = x 0.03 yuan/plant 
Seedling cost = 18990 yuan (both for pine and deciduous) 
(R2) : Labor cost = 
Total no. of trees planted: 633000 plant 
No. of tree planted/md = / 30 plant/md 
Total md used 21100 md 
wage/md x 6 yuan/md 
126600 yuan (both for pine and deciduous) 
(R3) : Maturity of deciduous is 15 years 
COST OF LUMBER = 
Total area planting timber: 70 ha 
yield of timber : x 75 cubic meter/ha 
Total yield = 5275 cubic meter 
Labor: x 1 md/cubic meter 
md used for timbering : 5275 md 
Wage/md x 6 yuan/md 
31650 yuan 
(R4) : BENEFIT OF TIMBER 
total yield = 5275 cubic meter 
P门'ce X 150 yuen/cubic meter 
Total benefit 791250 
(R4) : Reproduction period of timber = 6 yrs 
No resin is allowed to collect in Shenchong 
187 
G> CLOSING OFF THE MOUNTAIN 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFITS 
1 OPPORTUNITY COST 72500 (R1) 0 0.909 65909 0 -65909 
2 OPPORTUNITY COST 72500 0 0.826 59917 0 -59917 
3 OPPORTUNITY COST 72500 0 0.751 54470 0 -54470 
4 OPPORTUNITY COST 72500 0 0.683 49518 0 -49518 
5 OPPORTUNITY COST 72500 0 0.621 45017 0 -45017 
6 OPPORTUNITY COST 72500 0 0.564 40924 0 -40924 
7 OPPORTUNITY COST 72500 0 0.513 37204 0 -37204 
8 OPPORTUNITY COST 72500 0 0.467 33822 0 -33822 
9 OPPORTUNITY COST 72500 0 0.424 30747 0 -30747 
10 OPPORTUNITY COST 72500 0 0.386 27952 0 -27952 
11 OPPORTUNITY COST 72500 0 0.350 25411 0 -25411 
12 OPPORTUNITY COST 72500 0 0.319 23101 0 -23101 
13 OPPORTUNITY COST 72500 0 0.290 21001 0 -21001 
U OPPORTUNITY COST 72500 0 0.263 19092 0 -19092 
15 OPPORTUNITY COST 72500 0 0.239 17356 0 -17356 
16 OPPORTUNITY COST 72500 0 0.218 15778 0 -15778 
17 OPPORTUNITY COST 72500 0 0.198 14344 0 -14344 
18 OPPORTUNITY COST 72500 0 0.180 13040 0 -13040 
19 OPPORTUNITY COST 72500 0 0.164 11854 0 -11854 
20 OPPORTUNITY COST 72500 0 0 . U 9 10777 0 -10777 
TOTAL 617233 0 -617233 
(R1) : OPPORTUNITY COST = BENEFIT FROM COLLECTING D.LINEARIS UNDREW 
BENEFIT = REVENUE - COLLECTING COST 
Area closed 67 ha 
yield X 15000 kg/mu/yr 
Total yield 1000000 Kg/y� 
needed x 1.25 md/ton 
Total md needed 1250 md/yr 
wage X 6 yuan/md 
Total collecting cost 7500 yuan/md 
Total yield 1000000 kg/yr 
P门-ce X 0.08 yuan/kg 
Total Revenue 80000 yuan/yr 
Opportunity cost = 80000 - 7500 yuan/yr = 72500 yuan/yr 
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G> CULTIVATION 
1. FISH POND (2.67 ha) NET 
DISCOUNT COST BENEFITS BENEFIT 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) 
1 CONSTRUCTION 20000 (R1) 0 0.909 18182 0 -18182 
2 HARVESTING 7712 (R2) 57600 (R3) 0.826 6374 47603 41230 
MAINTENANCE 4800 (R4) 0 0.909 4364 0 -A364 
3 HARVESTING 7712 57600 0.751 5794 A3276 37482 
MAINTENANCE 4800 0 0.826 3967 0 -3967 
4 HARVESTING 7712 57600 0.683 5267 39342 34074 
MAINTENANCE 4800 0 0.683 3278 0 -3278 
5 HARVESTING 7712 57600 0.621 4789 35765 30977 
MAINTENANCE 4800 0 0.621 2980 0 -2980 
6 HARVESTING 7712 57600 0.564 A353 32514 28160 
MAINTENANCE 4800 0 0.564 2709. 0 -2709 
7 HARVESTING 7712 57600 0.513 3957 29558 25600 
MAINTENANCE 4800 0 0.513 2463 0 -2463 
8 HARVESTING 7712 57600 0.467 3598 26871 23273 
MAINTENANCE A800 0 0.467 2239 0 -2239 
9 HARVESTING 7712 57600 0.424 3271 24428 21157 
MAINTENANCE 4800 0 0.A24 2036 0 -2036 
10 HARVESTING 7712 57600 0.386 2973 22207 19234 
MAINTENANCE 4800 0 0.386 1851 0 -1851 
11 HARVESTING 7712 57600 0.350 2703 20188 17485 
MAINTENANCE 4800 0 0.350 1682 0 -1682 
12 HARVESTING 7712 57600 0.319 2457 18353 15896 
MAINTENANCE 4800 0 0.319 1529 0 -1529 
13 HARVESTING 7712 57600 0.290 2234 16685 14451 
MAINTENANCE A800 0 0.290 1390 0 -1390 
HARVESTING 7712 57600 0.263 2031 15168 13137 
MAINTENANCE 4800 0 0.263 1264 0 -1264 
15 HARVESTING 7712 57600 0.239 1846 13789 11943 
MAINTENANCE 4800 0 0.239 1149 0 -1149 
16 HARVESTING 7712 57600 0.218 1678 12535 10857 
MAINTENANCE 4800 0 0.218 1045 0 -1045 
17 HARVESTING 7712 57600 0.198 1526 11396 9870 
MAINTENANCE 4800 0 0.198 950 0 -950 
18 HARVESTING 7712 57600 0.180 1387 10360 8973 
MAINTENANCE 4800 0 0.180 863 0 -863 
19 HARVESTING 7712 57600 0.164 1261 9418 8157 
MAINTENANCE 4800 0 0.164 785 0 -785 
20 HARVESTING 7712 57600 0.149 1146 8562 7416 
MAINTENANCE 4800 0 0 . U 9 713 0 -713 
TGTAi- 114086 438018 323931 
( R 1 ) ： 
Construction cost = 7500 yuan/ha 
total area of fish pond x 2.67 ha 
Total construction cost = 20000 yuan 
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(R2) ： COST OF FISHERY = LABOR COST + FEEDING COST 
Cost of feeds 192.0 yuan/ha 
Total area x 2.67 ha 
Total cost of feeds 512 yuan 
Labour cost 450 md/ha 
total area x 2.67 ha 
wage x 6 yuan/md 
Total labor cost 7200 yuan 
Therefore Total cost = 512 + 7200 yuan = 7712 yuan 
(R3) : BENEFIT OF FISH PONDS = REVENUE FROM FISH AND DUCK 
FISH : 
yield 3000 kg/ha/yr 
total area of fish ponds x 2.67 ha 
Total yield 8000 jin/yr 
price X 6 yuan/kg 
Total Revenue 48000 yuan/yr 
DUCK 
yield 1800 heads/ha/yr 
total area of fish ponds x 2.67 ha 
Total yield 4800 head/yr 
price X 2 yuan/head 
Total Revenue 9600 yuan/yr 
Therefore, total benefit = A8000 + 9600 yuen = 57600 yuan/yr 
(RA) : MAINTENANCE COST 
Maintenance cost 300 md/ha/yr 
Total area of fish ponds x 2.67 ha 
wage X 6 yuan/md 
Total Maintenance Cost 4800 yuan/yr 
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2> CITRUS GROWING 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFIT 
1 RECLAMATION 15000 (R1) 0 0.909 13636 0 -13636 
PLANTING 6000 (R2) 0 0.909 5A55 0 -5455 
2 CITRUS GROWING 12465 (R3) 0 0.826 10302 0 -10302 
3 CITRUS GROWING 18015 (R4) 0 0.751 13535 0 -13535 
4 CITRUS GROWING 18015 (R5) 0 0.683 12304 0 -12304 
5 HARVESTING 22500 (R6) 60000 (R7) 0.621 13971 37255 23285 
6 HARVESTING 22500 60000 0.564 12701 33868 21168 
7 HARVESTING 22500 60000 0.513 115A6 30789 19243 
8 HARVESTING 22500 60000 0.467 10496 27990 17494 
9 HARVESTING 22500 60000 0.A2A 9542 25446 15904 
10 HARVESTING 22500 60000 0.386 8675 23133 U 4 5 8 
11 HARVESTING 22500 60000 0.350 7886 21030 13U4 
12 HARVESTING 22500 60000 0.319 7169 19118 11949 
13 HARVESTING 22500 60000 0.290 6517 17380 10862 
H HARVESTING 22500 60000 0.263 5925 15800 9875 
15 HARVESTING 22500 60000 0.239 5386 14364 8977 
16 HARVESTING 22500 60000 0.218 4897 13058 8161 
PLANTING 6000 (R8) 0 0.239 1436 0 -1A36 
17 CITRUS GROWING 12465 0 0.198 2466 0 -2466 
18 CITRUS GROWING 18015 0 0.180 3240 0 -3240 
19 CITRUS GROWING 18015 0 0.16A 2946 0 -2946 
20 HARVESTING 22500 60000 0.149 3344 8919 5574 
173376 288149 114773 
REMARKS 
(Rl) : RECLAMATION COST = 
Reclamation cost : 4500 yuan/ha 
Area for development: x 3.33 ha 
Total reclamation cost = 15000 yuan 
(R2) : CITRUS PLANTING COST = 
No. of Citrus tree: 1500 plant/ha 
Cultivated area : x 3.33 ha 
No. of Citrus tree 5000 plant 
Price of seedling : x 1 yuan/plant 
Seedling cost 5000 yuan 
No. of Citrus tree 5000 plant 
md used for planting x 0.03 md/plant 
md used 167 md 
的ge 6 yuan/md 
Labor costs 1000 yuan 
Planting cost = Seedling cost + Labor cost 
= 6000 yuan 
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(R2) ： CITRUS PLANTING COST = 
No. of Citrus tree: 1500 plant/ha 
Cultivated area : x 3.33 ha 
No. of Citrus tree 5000 plant 
Price of seedling : x 1 yuan/plant 
SeedIing cost 5000 yuan 
No. of Citrus tree 5000 plant 
md used for planting x 0.03 md/plant 
md used 167 md 
wage 6 yuan/md 
Labor costs 1000 yuan 
Planting cost = SeedIing cost + Labor cost 
= 6000 yuan 
(R3) : COST FOR GROWING CITRUS IN YEAR 1 
Cultivated area 3.33 ha 
fertilizer cost x 135 yuan/ha 
Total fertilizer cost 450 yuan 
cultivated area 3.33 ha 
pesticide cost x 4.5 yuan/ha 
Total pesticide cost 15 yuan 
md needed for growing citrus 600 md/ha/yr 
cultivated area x 3.33 ha 
md needed in year 1 2000 ha/yr 
wage/md x 6 yuan/md 
labour cost 12000 yuan 
Total cost in year 1 = pesticide + fertilizer + labor cost 
= 1 2 4 6 5 yuan 
(R4) : COST FOR GROWING CITRUS IN YEAR 2 
Fertilizer cost 1800 yuan/ha/yr 
Cultivated area x 3.33 ha 
Total fertilizer cost 6000 yuan/yr 
Total cost for pesticide + 15 yuan/y� （same as year 1) 
Labor cost + 12000 yuan/yr (same as year 1) 
Total cost in year 2 = 18015 yuan/yr 
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(R5) ： COST IN YEAR 2 IS EQUAL TO THAT IN YEAR 1 
(R6) : ONLY CITRUS IS GROWN IN YEAR 4 
Fertilizer 8 yuen/ha/yr 
Cultivated area x 3.33 ha 
Total fertilizer cost 27 yuan/ha 
Pesticide 0.9 yuen/plant 
No. of plants/mu x 1500 plant/ha 
Cultivated area x 3.33 ha 
4500 yuen 
Labor 600 md/ha 
Cultivated area x 3.33 ha 
wage x 6 yuan/md 
12000 yuen 
Total cost = Fertilizer cost + Pesticide cost + Labor cost = 22500 yuen 
(R7) : Benefit in year 4 
yield of citrus 11249 kg/ha 
price of citrus x 1.6 yuan/kg 
Cultivated area x 3.33 ha 
60000 yuan 
(R8) : Life cycle of Citrus production is 15 years 
t 
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4> OTHERS (ASSUMED 0.33 ha IS FOR GROWING PEANUTS, 0.33 ha IS FOR GROWING CASSAVA) 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFIT 
1 RECLAMATION 3000 (Rl) 0 0.909 2727 0 -2727 
2 CASSAVA HARVESTING 1050 (R2) 4500 (R3) 0.826 868 3719 2851 
PEANUT HARVESTING 300 (R4) 1500 (R5) 0.826 248 1240 992 
3 CASSAVA HARVESTING 1050 4500 0.751 789 3381 2592 
PEANUT HARVESTING 300 1500 0.751 225 1127 902 
A CASSAVA HARVESTING 1050 A500 0.683 717 307A 2356 
PEANUT HARVESTING 300 1500 0.683 205 1025 820 
5 CASSAVA HARVESTING 1050 4500 0.621 652 2794 2142 
PEANUT HARVESTING 300 1500 0.621 186 931 745 
6 CASSAVA HARVESTING 1050 4500 0.564 593 2540 1947 
PEANUT HARVESTING 300 1500 0.564 169 847 677 
7 CASSAVA HARVESTING 1050 4500 0.513 539 2309 1770 
PEANUT HARVESTING 300 1500 0.513 154 770 616 
8 CASSAVA HARVESTING 1050 4500 0.467 490 2099 1609 
PEANUT HARVESTING 300 1500 0.467 140 700 560 
9 CASSAVA HARVESTING 1050 4500 0.424 445 1908 1463 
PEANUT HARVESTING 300 1500 0.424 127 636 509 
10 CASSAVA HARVESTING 1050 4500 0.386 405 1735 1330 
PEANUT HARVESTING 300 1500 0.386 116 578 463 
11 CASSAVA HARVESTING 1050 4500 0.350 368 1577 1209 
PEANUT HARVESTING 300 1500 0.350 105 526 421 
12 CASSAVA HARVESTING 1050 4500 0.319 335 1434 1099 
PEANUT HARVESTING 300 1500 0.319 96 478 382 
13 CASSAVA HARVESTING 1050 4500 0.290 304 1303 999 
PEANUT HARVESTING 300 1500 0.290 87 434 348 
CASSAVA HARVESTING 1050 4500 0.263 276 1185 908 
PEANUT HARVESTING 300 1500 0.263 79 395 316 
15 CASSAVA HARVESTING 1050 4500 0.239 251 1077 826 
PEANUT HARVESTING 300 1500 0.239 72 359 287 
16 CASSAVA HARVESTING 1050 4500 0.218 229 979 751 
PEANUT HARVESTING 300 1500 0.218 65 326 261 
17 CASSAVA HARVESTING 1050 4500 0.198 208 890 683 
PEANUT HARVESTING 300 1500 0.198 59 297 237 
18 CASSAVA HARVESTING 1050 4500 0.180 189 809 621 
PEANUT HARVESTING 300 1500 0.180 54 270 216 
19 CASSAVA HARVESTING 1050 4500 0.164 172 736 564 
PEANUT HARVESTING 300 1500 0.164 49 245 196 
20 CASSAVA HARVESTING 1050 4500 0.149 156 669 513 
PEANUT HARVESTING 300 1500 0.149 45 223 178 
total 12993 45627 32634 
(Rl) ： RECLAMATION COST 
reclamation cost 4500 yuan/ha 
total cultivated area x 0.67 ha 
Total reclamation cost 3000 yuan 
/ 
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(R2) ： COST OF GROWING CASSAVA = FERTILIZER COST + LABOR COST 
Cost of fertilizer 2250 yuan/ha/y� 
total cutivated area x 0.33 ha 
Total cost for fertilizer 750 yuan/yr 
Labor cost 150 md/ha 
wage x 6 yuan/md 
total cultivated area x 0.33 ha 
Total Labor cost 300 yuan 
Therefore gorwing cost = 1050 yuen 
(R3) : BENEFIT OF GROWING CASSAVA 
yield 22499 kg/ha 
price X 0.6 yuan/kg 
cultivated area x 0.33 ha 
Total gain 4500 yuen 
(R4) : COST OF GROWING PEANUTS = FERTILIZER COST + LABOR COST 
Cost of fertilizer 135 yuan/ha/yr 
total cutivated area x 0.33 ha 
Total cost for fertilizer 45 yuen/yr 
Labor cost 149.99 md/ha 
wage X 6 yuan/md 
total cultivated area x 0.33 ha 
Total Labor cost 300 yuan 
Therefore gorwing cost = 690 yuen 
(R5) ： BENEFIT OF GROWING PEANUTS 
yield 2250 kg/ha 
price X 2 yuan/kg 
cultivated area x 0.33 ha 
Total gain 1500 yuan 
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Appendix 4 Cost Benefit Analysis of Lichong Project 
A> SMALL CHECK DAMS 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFITS 
1 CONSTRUCTION 19200 (Rl) 0 0.909 17A54.55 0.00 -17455 
2 MAINTENACE 1920 (R2) 0 0.826 1586.78 0.00 -1587 
3 MAINTENACE 1920 0 0.751 1442.52 0.00 -1443 
4 MAINTENACE 1920 0 0.683 1311.39 0.00 -1311 
5 MAINTENACE 1920 0 0.621 1192.17 0.00 -1192 
6 RECONSTRUCTION 19200 (R3) 0 0.564 10837.90 0.00 -10838 
7 MAINTENACE 1920 0 0.513 985.26 0.00 -985 
8 MAINTENACE 1920 0 0.467 895.69 0.00 -896 
9 MAINTENACE 1920 0 0.424 814.27 0.00 -814 
10 MAINTENACE 1920 0 0.386 740.24 0.00 -740 
11 RECONSTRUCTION 19200 0 0.350 6729.48 0.00 -6729 
12 MAINTENACE 1920 0 0.319 611.77 0.00 -612 
13 MAINTENACE 1920 0 0.290 556.16 0.00 -556 
14 MAINTENACE 1920 0 0.263 505.60 0.00 -506 
15 MAINTENACE 1920 0 0.239 459.63 0.00 -460 
16 RECONSTRUCTION 19200 0 0.218 4178.48 0.00 -4178 
17 MAINTENACE 1920 0 0.198 379.86 0.00 -380 
18 MAINTENACE 1920 0 0.180 345.33 0.00 -345 
19 MAINTENACE 1920 0 0.164 313.94 0.00 -314 
20 MAINTENANCE 1920 0 0.149 285.40 0.00 -285 
TOTAL 51626 0 -51626 
REMARKS 
(Rl) : CONSTRUCTION COST = ([(NO. OF CHECK DAMS) X (VOL OF EARTH/CHECK DAM)] / 
(VOL OF EARTH MOVED/MAN DAY)} X (WAGE/MAN DAY) 
NO OF CHECK DAMS = 78 
VOL/CHECK DAMS = x 205 cubic metre 
Vol of earth need to move = 16000 cubic metre 
earth moved per md x 0.2 md/cubic metre 
Total md needed : 3200 man days 
Wage/md = x 6 yuan/md 
Construction cost = 19200 yuan 
(R2) : Maintenance cost is approximate equal to 1/10 of the construction cost 
(R3) : Life expectancy of Check Dam is 5 years, so must rebuild it every 
5 years. 
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B> LARGE CHECK DAMS (SILT TRAP DAMS) 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFITS 
1 CONSTRUCTION 42000 (Rl) 0 0-909 38182 0 "38182 
2 MAINTENANCE 4200 (R2) 0 0.826 3471 0 -3471 
3 MAINTENANCE 4200 0 0.751 3156 0 -3156 
4 MAINTENANCE 4200 0 0.683 2869 0 -2869 
5 MAINTENANCE 4200 0 0.621 2608 0 -2608 
6 MAINTENANCE 4200 0 0.564 2371 0 -2371 
7 MAINTENANCE A200 0 0.513 2155 0 -2155 
8 MAINTENANCE A200 0 0.467 1959 0 -1959 
9 MAINTENANCE 4200 0 0.424 1781 0 -1781 
10 MAINTENANCE A200 0 0.386 1619 0 -1619 
11 MAINTENANCE 4200 0 0.350 1472 0 -1472 
12 MAINTENANCE 4200 0 0.319 1338 0 -1338 
13 MAINTENANCE 4200 0 0.290 1217 0 -1217 
U MAINTENANCE A200 0 0.263 1106 0 -1106 
15 MAINTENANCE A200 0 0.239 1005 0 -1005 
16 MAINTENANCE 4200 0 0.218 914 0 -914 
17 MAINTENANCE A200 0 0.198 831 0 -831 
18 MAINTENANCE 4200 0 0.180 755 0 -755 
19 MAINTENANCE 4200 0 0.164 687 0 -687 
20 MAINTENANCE 4200 0 0 . U 9 624 0 -624 
TOTAL 70121 0 -70121 
REMARKS 
(Rl� : CONSTRUCTION COST = {[(NO. OF LARGE CHECK DAMS) X (VOL OF EARTH/LARGE CHECK DAM)] / 
(VOL OF EARTH MOVED/MAN DAY)} X (WAGE/MAN DAY) 
NO OF LARGE CHECK DAMS = 13 
VOL/LARGE CHECK DAMS = x 2692 cubic metre 
Vol of earth need to move = 35000 cubic metre 
earth moved per md x 0.2 md/cubic metre 
Total md needed : 7000 man days 
Wage/md = x 6 yuan/md 
Construction cost = 42000 yuan 
(R2) : Maintenance cost is approximate equal to 1/10 of the construction cost 
(R3� : Life expectancy of Large Check Dam is more than 20 years, so no need to rebuild a large 
large check dam. 
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C> DITCHES 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFITS 
1 CONSTRUCTION 18831 (R1) 0 0.909 17119 0 -17119 
2 MAINTENANCE 1883 (R2) 0 0.826 1556 0 -1556 
3 MAINTENANCE 1883 0 0.751 1415 0 - K 1 5 
4 MAINTENANCE 1883 0 0.683 1286 0 -1286 
5 MAINTENANCE 1883 0 0.621 1169 0 -1169 
6 MAINTENANCE 1883 0 0.564 1063 0 -1063 
7 MAINTENANCE 1883 0 0.513 966 0 -966 
8 MAINTENANCE 1883 0 0.467 878 0 -878 
9 MAINTENANCE 1883 0 0.424 799 0 -799 
10 MAINTENANCE 1883 0 0.386 726 0 -726 
11 MAINTENANCE 1883 0 0.350 660 0 -660 
12 MAINTENANCE 1883 0 0.319 600 0 -600 
13 MAINTENANCE 1883 0 0.290 545 0 -545 
14 MAINTENANCE 1883 0 0.263 496 0 -496 
15 MAINTENANCE 1883 0 0.239 451 0 -451 
16 MAINTENANCE 1883 0 0.218 410 0 -410 
17 MAINTENANCE 1883 0 0.198 373 0 -373 
18 MAINTENANCE 1883 0 0.180 339 0 -339 
19 MAINTENANCE 1883 0 0.164 308 0 -308 
20 MAINTENANCE 1883 0 0.149 280 0 -280 
TOTAL 31439 0 -31439 
REMARKS 
(Rl) : CONSTRUCTION COST = {[(LENGTH OF THE DITCHES) X (VOL OF EARTH MOVED/Km OF DITCH)]/ 
(VOL OF EARTH MOVED/MAN DAY)} X (WAGE/MAN DAY) 
Length of the ditches = 8.5 Km 
Earth need to move/Km = x 1846 cubic meter/Km 
Vol of earth need to move = 15692 
earth moved per md x 0.2 md/cubic metre 
Total md needed : 3138 man days 
Wage/md = x 6 yuan/md 
Construction cost = 18831 yuan 
(R2) : MAINTENANCE IS EQUAL 1/10 OF THE CONSTRUCTION COST 
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D> FOOT PASSES 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFITS 
1 CONSTRUCTION 9600 (Rl) 0 0.909 8727 0 -8727 
TOTAL 8727 0 -8727 
REMARKS 
(R1) : CONSTRUCTION COST = ([LENGTH OF FOOT PASSES) X (VOL OF EARTH MOVED/Km OF FOOT PASSES)]/ 
(VOL OF EARTH MOVED/MAN DAY)} X (WAGE/MAN DAY) 
Length of foot passes = 3.5 Km 
earth needed to moved = x 2286 cubic meter/Km 
Total vol of earth moved 8000 cubic meter 
earth moved/md x 0.2 md/cubic meter 
total md used 1600 md 
wage/md x 6 yuan/md 
Total construction cost 9600 yuan 
E> ROADS 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFITS 
1 CONSTRUCTION 8400 (Rl) 0 0.909 7636 0 -7636 
2 MAINTENANCE 840 (R2) 0 0.826 694 0 -694 
3 MAINTENANCE 840 0 0.751 631 0 -631 
“ MAINTENANCE 840 0 0.683 574 0 - 5 7 4 
5 MAINTENANCE 840 0 0.621 522 0 -522 
6 MAINTENANCE 840 0 0.564 474 0 -474 
7 MAINTENANCE 840 0 0.513 431 0 -431 
8 MAINTENANCE 840 0 0.467 392 0 -392 
9 MAINTENANCE SAO 0 0.424 356 0 -356 
10 MAINTENANCE 840 0 0.386 324 0 -324 
11 MAINTENANCE 840 0 0.350 294 0 -294 
12 MAINTENANCE 840 0 0.319 268 0 -268 
13 MAINTENANCE 840 0 0.290 243 0 -243 
U MAINTENANCE 840 0 0.263 221 0 -221 
15 MAINTENANCE 840 0 0.239 201 0 -201 
16 MAINTENANCE 840 0 0.218 183 0 -183 
17 MAINTENANCE 840 0 0.198 166 0 -166 
18 MAINTENANCE 840 0 0.180 151 0 -151 
19 MAINTENANCE SAO 0 0.164 137 D _137 
20 MAINTENANCE 840 0 0.149 125 0 -125 
dial 14024 0 -14024 
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REMARKS 
(R1) ： CONSTRUCTION COST = C [LENGTH OF ROAD) X (VOL OF EARTH MOVED/Km OF ROAD)]/ 
(VOL OF EARTH MOVED/MAN DAY)} X (WAGE/MAN DAY) 
Length of roads = 3 Km 
Earth need to move/Km = x 2333 cubic meter/Km 
Vol of earth need to move = 7000 cubic meter 
earth moved per md x 0.2 md/cubic meter 
Total md needed : 1400 md 
Wage/md = x 6 yuan/md 
Construction cost = 8400 yuan 
(R2) : Maintenance cost is 1/10 of the construuction cost 
F> PLANTING ON THE HILLSIDE (ASSUMED HALF OF THE HILL IS PLANTED WITH PINE, 
AND HALF IS PLANTED WITH DECIDUOUS) 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFITS 
SEEDLING 21600 (Rl) 0 0.909 19636 0 -19636 
LABOR 144000 (R2) 0 0.909 130909 0 -130909 
11 Resin harvesting 43198 (R3) 755962 (R4) 0.350 15141 264960 249819 
12 Resin harvesting 43198 755962 0.319 13764 240873 227109 
13 Resin harvesting 43198 755962 0.290 12513 218975 206462 
Resin harvesting 43198 755962 0.263 11375 199068 187693 
15 Resin harvesting 43198 755962 0.239 10341 180971 170630 
16 Lumber harvesting 36000 (R5) 900000 (R6) 0.218 7835 195866 188032 
Resin harvesting 43198 755962 0.218 9401 164519 155118 
17 Resin harvesting 43198 755962 0.198 85A6 149563 141017 
18 Resin harvesting A3198 755962 0.180 7770 135966 128197 
19 Resin harvesting A3198 755962 0.164 7063 123606 116543 
20 Sale of pine wood 36000 (R7) 900000 (R7) 0.149 5351 133779 128428 
仍丁 AL 259646 2008148 1748502 
REMARKS 
(Rl) : Seedling cost = 
Area of planted hillside = 160 ha 
No. of trees/ha = x 4500 plant/ha 
No. of seedling needed = 720000 plant 
Pn.ce of seedling = x 0.03 yuan/plant 
Seedling cost = 21600 yuan (both for pine and deciduous) 
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(R2) ： Labor cost = 
Total no. of trees planted: 720000 plant 
md/plant x 0.033 md/plant 
Total md used 24000 md 
wage/md x 6 yuan/md 
144000 yuan (both for pine and deciduous) 
(R3) : RESIN COLLECTING COST 
Area of hill planting pine: 80 ha 
cutting bark: x 5.00 md/ha 
md used 400 md 
wage. x 6 yuan/md 
Cost of cutting bark: 2400 yuan 
Yield 2.5 kg/plant 
No. of plant/ha x 4500 plant/ha 20 
Area x 80 ha 
Total yield 899955 kg 
Resin collection x 0.008 md/kg 0.01 
md used 7200 md 
wage x 6 yuan/md 
Resin col lection cost A3198 yuan 
COST OF HARVESTING RESIN = COST OF CUTTING BARK + RESIN COLLECTION COST 
=(2400 + 43198) yuan 
=45598 yuan 
(R4) ： BENEFIT OF RESIN = 
Total yield = 899955 Kg 
price = X 0.84 yuan/Kg 
Benefit = 755962 yuan 
(R5) : Maturity of deciduous is 15 years 
COST OF LUMBER = 
Total area planting timber: 80 ha 
yield of timber : x 75 cubic meter/ha 
Total yield = 6000 cubic meter 
Labor: x 1 mb/cubic meter 
md used for timbering : 6000 md 
Wage/md X 6 yuan/md 
36000 yuan 
(R6) : BENEFIT FROM LUMBER 
To^al yield = 6000 cubic meter 
P门ce = X ‘ 150 yuan/cubic meter 
Benefit = 900000 yuan 
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(R7) ： PRODUCTION PERIOD OF RESIN = 9 YEARS 
AFTERMITH, CUT DOWN THE PINE TREE FOR TIMBER 
COST N BENEFIT IS SAME AS LUMBER 
G> CULTIVATION 
DISCOUNT COST BENEFITS NET 
YEAR ACTIVITY COSTS BENEFITS FACTOR (PV) (PV) BENEFIT 
1 RECLAMATION 180000 (Rl) 0 0.909 163636 0 -163636 
PLANTING 72000 (R2) 0 0.909 65455 0 -65455 
2 PEANUTS 185580 (R3) 180000 (R4) 1.000 185580 180000 -5580 
3 CASSAVA 252180 (R5) 240000 (R6) 0.826 208413 198347 -10066 
4 CASSAVA 252180 (R7) 240000 0.751 189467 180316 -9151 
5 CITRUS 270000 (R8) 720000 (R9) 0.683 184414 491770 307356 
6 CITRUS 270000 720000 0.621 167649 447063 279415 
7 CITRUS 270000 720000 0.564 152408 406421 254013 
8 CITRUS 270000 720000 0.513 138553 369474 230921 
9 CITRUS 270000 720000 0.467 125957 335885 209928 
10 CITRUS 270000 720000 0.424 114506 305350 190844 
11 CITRUS 270000 720000 0.386 104097 277591 173494 
12 CITRUS 270000 720000 0.350 94633 252356 157722 
CITRUS 270000 720000 0.319 86030 229414 143384 
仏 CITRUS 270000 720000 0.290 78209 208558 130349 
15 CITRUS 270000 720000 0.263 71099 189599 118499 
16 PLANTING 72000 (RIO) 0 0.239 17236 0 -17236 
17 PEANUTS 185580 180000 0.198 36716 35612 -1104 
18 CASSAVA 252180 240000 0.180 45357 43166 -2191 
19 CASSAVA 252180 240000 0.164 41233 39242 -1992 
20 CITRUS 270000 720000 0.149 40134 107023 66890 
2310783 4297188 1986405 
REMARKS 
(R1) : RECLAMATION COST = 
Reclamation cost : 4500 yuan/ha 
Area for development: x 40 ha 
Total reclamation cost = 180000 yuan 
(R2) : CITRUS PLANTING COST = 
No. of Citrus tree: 1500 plant/ha 
Cultivated area : x 40 ha 
No. of Citrus tree 60000 plant 
Price of seedling : x 1 yuan/plant 
Seedling cost 60000 yuan 
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(R3) ： GROWING CITRUS WITH PEANUTS IN YEAR 1 
Cultivated area 40 ha 
fertilizer cost x 135 yuan/ha 
Total fertilizer cost 5400 yuan 
cultivated area AO ha 
pesticide cost x A.5 yuan/ha 
Total pesticide cost 180 yuan 
md needed for growing peanuts 150 md/ha/yr 
md needed for growing citrus 600 md/ha/yr 
Total md needed 750 md/ha/yr 
cultivated area x 40 ha 
md needed in year 1 30000 md/yr 
wage/md x 6 yuan/md 
labour cost 180000 yuan 
Total cost in year 1 = pesticide + fertilizer + labor cost 
= 1 8 5 5 8 0 yuan 
(RA) : BENEFIT IN YEAR 1 = 
Cultivated area 40 ha 
Yield of peanuts x 2250 kg/ha 
Total yield 90000 kg 
price of peanuts x 0.5 yuan /kg 
Total benefit 45000 yuan 
(R5) : Cassava is planted with Citrus in year 2 
Fertilizer cost 1800 yuan/ha/yr 
Cultivated area x 40 ha 
Total fertilizer cost 72000 yuan/yr 
Total cost for pesticide + 180 yuan/yr (same as year 1) 
Labor cost + 180000 yuan/yr (same as year 1) 
Total cost in year 2 = 252180 yuen/yr 
(R6) : TOTAL BENEFIT IN YEAR 2 
benefit from cassava growing 6000 yuan/ha 
Cultivated area x 40 ha 
Total benefit from cassava 240000 yuan 
(R7) : STILL GROWING CASSAVA WITH CITRUS IN YEAR 3 
THEREFORE, COST AND BENEFITS ARE SAME AS YEAR 1 
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(F8) ： ONLY CITRUS IS GROWN IN YEAR 4 
Fertilizer 1800 yuen/ha/yr 
Cultivated area x 40 ha 
Total fertilizer cost 72000 yuan/ha 
Pesticide 0.9 yuen/plant 
No. of plants/mu x 1500 plant/ha 
Cultivated area x 40 ha 
54000 yuen 
Labor 600 md/ha 
Cultivated area x 40 ha 
wage x 6 yuan/md 
UAOOO yuen 
Total cost = Fertilizer cost + Pesticide cost + Labor cost = 270000 yuen 
(R9) : Benefit in year 4 
yield of citrus 11249 kg/ha 
price of citrus x 0.4 yuen/kg 
Cultivated area x 40 ha 
180000 yuen 
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